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Preface 


The ethos of interventional radiology is to achieve clinical results comparable to 
surgery in the most minimally invasive manner possible, sparing patients of morbid- 
ity and providing fragile patients, who previously had no therapeutic options, hope 
for improvement. In this spirit, prostatic artery embolization (PAE) for the treatment 
of lower urinary symptoms secondary to benign prostatic hyperplasia (BPH) has 
been developed over the past 10 years by innovative interventional radiologists who 
aimed to provide an alternative to transurethral and surgical therapies for BPH. While 
PAE is still being accepted as standard of care by urologists around the world, we 
believe PAE is a valuable addition to the BPH treatment algorithm, specifically for 
men with very large prostates, those on anticoagulation medication, and those who 
are too fragile for general or spinal anesthesia. 

Because treatment of BPH is new to interventional radiology, there are founda- 
tional concepts that should be reviewed prior to launching a PAE program. These 
include anatomy, pathophysiology, epidemiology, clinical work-up, differential 
diagnosis, and available medical and surgical therapies. A thorough understanding 
of these topics is vital for providing excellent patient care (including recognizing 
when a patient is not a good candidate for PAE) and for effective communication 
with urologists. The first four chapters of this book were written for this purpose. 

Among the interventional radiology procedures, PAE has proven to be one of the 
most difficult due to the confusing pelvic arterial anatomy and wire/catheter skills 
needed to traverse tortuous arteries with small diameters. The content provided in 
this book aims to help the interventional radiologist starting out in PAE to overcome 
these challenges. This includes recommendations for optimal imaging, tool selec- 
tion, and advanced wire/catheter techniques. 

PAE is a young procedure, and there is no doubt that new data will become avail- 
able and advances will be made that will increase the efficacy and durability of the 
procedure while reducing the already extremely low rate of complications. The rec- 
ommendations contained in these chapters represent the knowledge that is available 
at the time of publication. We hope to be able to provide updated information as it 
becomes available in future editions. 
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We would like to sincerely thank all of the authors who contributed to this book. 
They have given their time to create what we ultimately believe to be a must-have 
volume for any current or aspiring interventional radiologist who is considering 
performing PAE. 


Chapel Hill, NC, USA Ari J. Isaacson 
Woodbridge, VA, USA Sandeep Bagla 
Chapel Hill, NC, USA Mathew C. Raynor 


Chapel Hill, NC, USA Hyeon Yu 


Contents 


1 The Prostate and Benign Prostatic Hyperplasia ................. 1 
Benjamin James McCormick and Mathew C. Raynor 


2 Diagnosis of Benign Prostatic Hyperplasia...................... 11 
Matthew R. Macey and Mathew C. Raynor 


3 Medical Management of Benign Prostatic Hyperplasia ........... 21 
Victor C. Showalter and Mathew C. Raynor 


4 Indications for Surgical Management of Benign 
Prostatic Hyperplasia PP" """--—————m 43 
Obafunbi Abimbola and Mathew C. Raynor 


5 Imaging of the Prustate....0000 ccc. ecg cree ces eascdaesncweeiwien 59 
George Raymond Wong and Lauren Marie Brubaker Burke 


6 Preclinical and Clinical Evidence for Prostatic 
Artery Embolization .c35240040446 sess ev e RR YA hian kii EY 71 
Tirth V. Patel, Hyeon Yu, and Ari J. Isaacson 


7 Arterial Anatomy for Prostatic Artery Embolization ............. 83 
Mohammed M. Hoque, Kent Andrew Cabatingan, 
Sameer Mittal, Andrew Picel, and Ari J. Isaacson 


8 Patient Selection for Prostatic Artery Embolization.............. 93 
Kavi K. Devulapalli, Charles W. Nutting, and Ari J. Isaacson 


9  Preprocedural Imaging for Prostatic Artery Embolization ........ 101 
Jeffrey Hamilton Howe and Ari J. Isaacson 


10 Intraprocedural Techniques for Prostatic Artery Embolization .... 111 
Jeremy I. Kim, Francisco J. Grippi Figueredo, Sandeep Bagla, and 
Ari J. Isaacson 


x Contents 


11 Post-procedural Care and Complication Management 
for Prostatic Artery Embolization........................00005 121 
Steven D. Kao, Adam N. Plotnik, and Justin P. McWilliams 


12 Failed and Repeat Prostatic Artery Embolization................ 133 
Rachel Piechowiak, Ari J. Isaacson, and Sandeep Bagla 


Appendix: Internal Iliac Artery Angiograms in 45 Degree 
Ipsilateral Projection ............sssssseeeeeee III 141 


Contributors 


Obafunbi Abimbola, BA University of North Carolina School of Medicine, 
Chapel Hill, NC, USA 


Sandeep Bagla, MD Vascular and Interventional Radiology, Vascular Institute of 
Virginia, Woodbridge, VA, USA 

University of North Carolina, Chapel Hill, NC, USA 

CEO, iExplain, LLC, McLean, VA, USA 


Lauren Marie Brubaker Burke, MD Department of Radiology, University of 
North Carolina School of Medicine, Chapel Hill, NC, USA 


Kent Andrew Cabatingan, MD Division of Vascular and Interventional 
Radiology, Department of Radiology, University of North Carolina, Chapel Hill, 
NC, USA 


Kavi K. Devulapalli, MD, MPH Durham Radiology Associates, Durham, NC, 
USA 


Francisco J. Grippi Figueredo, MD Department of Radiology, University of 
North Carolina Hospitals, Chapel Hill, NC, USA 


Mohammed M. Hoque, MD Division of Vascular and Interventional Radiology, 
Department of Radiology, University of North Carolina, Chapel Hill, NC, USA 


Jeffrey Hamilton Howe, MD Interventional Radiology, University of North 
Carolina, Chapel Hill, NC, USA 


Ari J. Isaacson, MD Department of Radiology, University of North Carolina, 
School of Medicine, Chapel Hill, NC, USA 


Steven D. Kao, MD Department of Radiology, University of California Los 
Angeles Medical Center, University of California Los Angeles David Geffen School 
of Medicine, Los Angeles, CA, USA 


xi 


xii Contributors 


Jeremy I. Kim, MD Department of Radiology, Mount Sinai Hospital, Icahn 
School of Medicine at Mount Sinai, New York, NY, USA 


Matthew R. Macey, MD, MSc Department of Urology, University of North 
Carolina Hospitals, Chapel Hill, NC, USA 


Benjamin James McCormick, MD Department of Urology, University of North 
Carolina Hospitals, Chapel Hill, NC, USA 


Justin P. McWilliams, MD Department of Radiology, University of California 
Los Angeles David Geffen School of Medicine, Los Angeles, CA, USA 


Sameer Mittal, MD Division of Vascular and Interventional Radiology, 
Department of Radiology, University of North Carolina, Chapel Hill, NC, USA 


Charles W. Nutting, DO, FSIR Minimally Invasive Procedure Specialists, Parker, 
CO, USA 


Tirth V. Patel, MD Department of Radiology, University of North Carolina, 
Chapel Hill, NC, USA 


Andrew Picel, MD Department of Radiology, Stanford University, Stanford, CA, 
USA 


Rachel Piechowiak, DO, MS Vascular Institute of Virginia, Woodbridge, VA, 
USA 

Metropolitan Vascular Institute, Waldorf, MD, USA 

Adam N. Plotnik, MBBS, MSc, MMed, FRANZCR Department of Radiology, 


University of California Los Angeles David Geffen School of Medicine, Los 
Angeles, CA, USA 


Mathew C. Raynor, MD Department of Urology, University of North Carolina 
Hospitals, Chapel Hill, NC, USA 


Jorge L. Roman III, MD Texas Radiology Associates, Plano, TX, USA 


Victor C. Showalter, BA University of North Carolina School of Medicine, Chapel 
Hill, NC, USA 


George Raymond Wong, MD Department of Radiology, University of North 
Carolina School of Medicine, Chapel Hill, NC, USA 


Hyeon Yu, MD Department of Radiology, University of North Carolina, School of 
Medicine, Chapel Hill, NC, USA 


Chapter 1 A 
The Prostate and Benign Prostatic imm 
Hyperplasia 


Benjamin James McCormick and Mathew C. Raynor 


Abbreviations 


BOO Bladder outlet obstruction 
BPH Benign prostatic hyperplasia 
LUTS Lower urinary tract symptoms 


Normal Prostate Anatomy 
Embryonic Development (Fig. 1.1) 


Whereas the kidney and ureters develop from intermediate mesoderm, the bladder, 
prostate, and urethra are derived from a ballooning of the caudal-most aspect of the 
primitive endoderm, known as the cloaca. The cloaca is divided into ventral and 
dorsal portions by the urorectal septum. The dorsal portion forms the rectum and 
internal anal sphincter, while the ventral portion forms the bladder and urogenital 
sinus (UGS), the beginnings of the penile and prostatic urethra in males. The pros- 
tate develops just caudally to the bladder as part of the UGS, which differentiates at 
10 weeks' gestation when stimulated by fetal dihydrotestosterone (DHT). Prostatic 
epithelial buds project posteriorly from the urethra and participate in a complex 
intermingling with UGS mesenchymal cells to form the fetal prostate, encircling the 
urethra. Peak fetal DHT levels are seen between weeks 13-15, after which the 
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Fig. 1.1 Embryologic development of the prostate 


prostatic secretory cells are functional. During the second trimester, the gland con- 
tinues to mature but enters a quiescent state in the third trimester that persists until 
puberty. Other sex structures, including the seminal vesicles, ejaculatory ducts, vas 
deferens, and epididymis, are derived from the Wolffian ducts under the control of 
fetal testosterone. 
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Relationships within the Pelvis (Fig. 1.2) 


In the adult patient, the prostate is located extraperitoneally, within the true pelvis. 
Itis contained within a thin but robust capsule, independent of the endopelvic fascia. 
The prostate base is intimately associated with the inferior aspect of the bladder 
neck and surrounds the prostatic urethra. The posterior aspect of the prostate is in 
close association with the rectum. The anterior surface of the prostate approximates 
the dorsal venous complex of the prostate and lies within the potential retropubic 
space (of Retzius). The lateral aspects of the prostate are in contact with the levator 
ani muscles, as well as the cavernous neurovascular bundles controlling erections. 
The apex of the prostate abuts the striated external intrinsic urethral sphincter, which 
demarcates the separation between the prostatic and membranous urethra. The pros- 
tate is fixed to the symphysis pubis via the puboprostatic ligaments, which originate 
on the anterior and lateral aspects of the prostate. 
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Fig. 1.2 Pelvic anatomy relative to the prostate 
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Internal Prostate Anatomy (Fig. 1.3a, b) 


The prostate is the largest of the accessory sex glands, weighing about 20 g in the 
normal adult. Histologically, the prostate gland consists of secretory cells sur- 
rounded by epithelial and stromal cells, contained within a capsule, continuous with 
the prostatic parenchyma. The number and density of secretory glands vary depend- 
ing on their location within one of the four distinct histologic zones of the prostate; 
these include the anterior fibromuscular zone, peripheral zone, central zone, and 
transitional zone [1]. 

The anterior zone accounts for 30% of the prostate's mass and 5% of its vol- 
ume and consists primarily of fibroconnective tissue and smooth muscle. The 
anterior zone is devoid of glandular elements and as such is an uncommon site for 
development of neoplastic disease. The peripheral zone is the largest of the four 
zones in a normal prostate and is rich in glandular elements, containing approxi- 
mately 75% of the prostatic secretory cells. The peripheral zone is located directly 
beneath the prostate capsule and comprises the posterior aspect of the gland, as 
well as surrounds the distal prostatic urethra. The peripheral zone is the most 
common site for adenocarcinomas of the prostate given its abundant glandularity. 
The central zone surrounds the ejaculatory ducts and proximal prostatic urethra 
and contains the second most number of secretory elements (~25%). Although 
only about 2.596 of prostate cancers originate in the central zone, these tend to be 
more aggressive and are more likely to invade the seminal vesicles. The ejacula- 
tory ducts insert laterally to the verumontanum near the apex of the prostate. The 
transitional zone is the smallest of the four zones in a normal prostate and con- 
tains few secretory glands. The transitional zone surrounds the prostatic urethra 
along the so-called periurethral zone and is the location responsible for the devel- 
opment of benign prostatic hyperplasia, leading to lower urinary tract symptoms 
(LUTS) in some men. The transitional zone contains three lobes, which, after 
significant cell proliferation, can enlarge and cause urinary obstruction or 


Periurethral 
Preprostatic Stroma b Median lobe 
sphincter 


a 


Seminal vesicle : " 
Seminal vesicle 


Central zone 
Central zone 


Peripheral zone Transitional 


zone 


Transitional 
zone 
Peripheral zone Ejaculatory duct 
Anterior 
fibromuscular 
stroma 


Anterior 
fibromuscular 
stroma 


Ejaculatory duct Verumontanum 


External sphincter Urethra 


Urethra 


Fig. 1.3 (a) Normal internal prostatic anatomy (b) Anatomy of benign prostatic hyperplasia 
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LUTS. The lateral lobes lie on either side of the prostate and can compress the 
urethra from the left and right. The median lobe, when enlarged, can project sig- 
nificantly into the bladder, contributing further to urinary symptoms. 

In the normal male, the urethra runs 3—4 cm through the prostate from base to 
apex, coursing anteriorly as it receives the ejaculatory ducts, which flank the pros- 
tatic colliculus (verumontanum). En route to its termination at the external urethral 
sphincter, the prostatic urethra also receives secretions from numerous prostatic 
ducts, emptying into prostatic sinuses located on either side of the urethral crest. 
The prostatic urethra is the widest and most dilatable portion of the urethra and is 
the primary site of obstruction from BPH. 


Normal Prostate Physiology 


Function of the Prostate 


The prostate secretes a slightly acidic, milky fluid that accounts for the initial 
10-20% of the ejaculate. Prostatic fluid contains cholesterol, citric acid, and a num- 
ber of enzymes, including prostate-specific antigen (PSA). Prostate-specific antigen 
is one of many serine proteases that contribute to the liquefaction of semen within 
20—30 minutes of ejaculation. Liquefaction of semen is necessary for easy transmis- 
sion of semen through the cervix. Abnormally long liquefaction time (over 60 min- 
utes), known as non-liquefaction, is most commonly caused by infection, 
dehydration, or enzyme dysfunction. Non-liquefaction of semen can lead to asthe- 
nozoospermia (reduced sperm motility) and is detrimental to male fertility. 


Hormonal Control 


The prostate, similar to other accessory sex organs, is largely controlled via the 
primary male sex hormone, testosterone. Testosterone is primarily produced in the 
testes and circulates in plasma in free (~2%) and bound (~98%) forms. While tes- 
tosterone is the primary plasma hormone responsible for prostate function and 
growth, it appears that testosterone operates primarily as a prohormone to its more 
locally active form dihydrotestosterone (DHT), which acts directly within the pros- 
tate to affect cellular change [2]. 

Testosterone is converted to DHT by 5a-reductase, an enzyme involved in sev- 
eral metabolic pathways in both men and women. 5a-reductase has three iso- 
forms: 5o-R1, 5a-R2, and 5a-R3. 5a-reductase-2 is the primary isoform involved 
in the conversion of testosterone to DHT in the prostate and is the target of a class 
of medications known as 5a-reductase inhibitors, that include finasteride and 
dutasteride [3]. 
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Benign Prostatic Hyperplasia 


Benign prostatic hyperplasia (BPH) is a pathologic increase in the cellularity of 
transitional zone epithelial and stromal cells, characterized by nodularity in the 
periurethral region of the prostate. The enlargement of the prostate in the area sur- 
rounding the prostate is frequently a cause of lower urinary tract symptoms (LUTS) 
and/or bladder outlet obstruction (BOO). Though prostate size does not correlate 
with severity of LUTS, the odds of experiencing symptoms are 3.5 times higher in 
patients with prostatic enlargement (250 mL) [4]. 


Epidemiology 


The incidence of BPH increases from ~20% of men in their 40s, to about 65% of 
men in their 60s, and to about 9096 of men in their 80s [5, 6]. Hispanic and black 
men appear to be at slightly higher risk for the development of BPH than white and 
Asian men, but in general international studies reveal a similar prevalence through- 
out the world [7]. Genetics also seems to play a role in BPH, as those with a positive 
family history are more likely to develop BPH [8]. While age is the most significant 
risk factor for the development of BPH, diabetes, heart disease, sedentary lifestyle, 
metabolic syndrome, and obesity also appear to be risk factors [9-11]. Infection, 
diet, smoking, and sexual activity, however, do not seem to play a known role in the 
development of BPH [10, 12, 13]. Some proposed protective factors include exer- 
cise and hypogonadism. Overall, despite its prevalence and rigorous investigation, a 
comprehensive list of risk and protective factors for BPH has not been realized. 


Pathophysiology 


While often used interchangeably by clinicians, it is important to point out that 
prostate enlargement secondary to BPH is the result of epithelial and stromal cell 
hyperplasia (increased cellularity) rather than hypertrophy (cell enlargement). 
Therefore, the term “benign prostatic hypertrophy" is a misnomer and histologi- 
cally inaccurate, despite its widespread use in historical literature and contemporary 
vernacular. 

The etiology of the hypercellularity seen in BPH is uncertain. Despite the exis- 
tence of a number of theories, each implicating a wide array of different metabolic 
pathways, one theme persists throughout: BPH is caused by a combination of 
increased cell proliferation and impaired apoptosis [14]. One theory suggests that 
dysregulated stromal-epithelial interactions play a central role in BPH [8]. Others 
believe that, as one ages, a changing and complex interplay of androgens and cell 
growth factors leads to the dysregulation of cellular growth inhibiting mechanisms 


1 The Prostate and Benign Prostatic Hyperplasia 7 


[15]. Experiments have shown that while androgens do not directly cause BPH, they 
are essential for cell proliferation and inhibit cell death [16]. As an example, patients 
who have impaired androgen synthesis or those who were castrated prior to puberty 
do not develop BPH [17]. 

In addition to hyperplastic growth of the prostate, the development of periure- 
thral stromal nodules within the transition zone is a hallmark finding of BPH. These 
nodules consist of fibroblast-like cells, smooth muscle, and small ductal branches. 
The beginning stages of BPH pathogenesis are characterized by an increase in num- 
ber of small nodules in the transitional zone. The formation of nodules creates a 
dense network of tissue within a small area confined by the inelastic prostatic cap- 
sule. As the disease progresses, hyperplasia occurs, and these nodules increase in 
size. Depending on the size, location, and number of nodules, obstruction of the 
bladder neck and/or urethra can occur. 

In parallel with hyperplastic growth of the prostate, neural pathways also play a 
role in the development of LUTS related to BPH. Specifically, smooth muscle, 
which contributes about 20% of the prostate tissue in men affected with BPH, is 
stimulated via the adrenergic nervous system [18]. Alpha-1 receptors are the most 
predominant adrenergic receptors in the prostate, and stimulation can cause a sig- 
nificant increase in urethral resistance [19]. While blockage of the alpha-1 receptors 
decreases active smooth muscle tone within the prostate, it does not decrease resting 
pressure on the urethra related to increased tissue mass within the confined space of 
the prostate capsule [20]. Regardless, the neural pathways involved with BPH/ 
LUTS have offered targets for therapy, which are now mainstays of treatment for 
this disease. 


Clinical Features 


As the prostate gland increases in size as a result of nodular hyperplasia, the pros- 
tatic urethra is compressed. Combined with increased smooth muscle contractions 
of the prostate, the outflow of urine from the bladder can become obstructed, lead- 
ing to a constellation of urinary symptoms known commonly (if not erroneously) as 
BPH. As studies have shown that prostate size does not correlate with urinary symp- 
toms, however, the term lower urinary tract symptoms (LUTS) is preferred when 
describing these symptoms. Lower urinary tract symptoms can be “obstructive” or 
"irritative" in nature. Obstructive symptoms are those commonly thought to be 
directly related to the obstruction of free flow of urine from the bladder and include 
symptoms such as weak urinary stream, straining, hesitancy, intermittency, incom- 
plete emptying, and post-void dribbling. Irritative symptoms, including frequency 
of urination, urgency, urge incontinence, and dysuria, result in part from compensa- 
tory changes in the bladder reacting to BOO. One such change is a decreased blad- 
der capacity related to bladder hypertrophy, described below. Other factors, 
including nocturnal polyuria and age-related neurologic changes, can also contrib- 
ute to the bothersome lower urinary tract symptoms associated with BPH. 
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In addition to lower urinary tract symptoms, BOO related to BPH can cause 
elevated voiding bladder pressures. Over time, increased bladder pressures can lead 
to significant pathology within the bladder and upper tracts. The bladder initially 
responds to elevated voiding pressures through compensatory detrusor hypertrophy, 
allowing the bladder to overcome the obstructed outlet. Over time, the chronically 
obstructed bladder can develop trabeculations, cellules, and eventually large diver- 
ticula, which can contribute to incomplete emptying, urine stasis, and their sequelae, 
including bladder stones and urinary tract infections. Bladders that are no longer 
able to overcome the obstructed outlet with hypertrophy eventually decompensate, 
becoming atonic, floppy, and large in capacity. Patients with decompensated blad- 
ders often have very large residual urine volumes and may experience overflow 
incontinence and/or the inability to void. Once patients reach this point, there is 
little hope that the bladder will regain function, even if the outlet obstruction is 
relieved. Many of these patients require clean intermittent catheterization, a chronic 
indwelling Foley catheter, or a suprapubic cystostomy tube for urinary drainage. 

In addition to voiding dysfunction, BPH with BOO can also affect the upper 
tracts. The obstructive uropathy seen in BPH is caused either via transmission of 
elevated voiding pressures to the kidneys, or direct obstruction of the ureteral ori- 
fices by adenomatous prostate tissue. With either of these mechanisms, the elevated 
hydrostatic pressure in the upper tract causes often severe hydroureteronephrosis. 
If persistent, elevated pressures will cause renal parenchymal loss, renal insuffi- 
ciency, and eventually renal failure. Patients with silent but insidious BPH with 
BOO can present with uremic symptoms or superimposed pyelonephritis. 

It is important to note that patients may have significant occult bladder outlet 
obstruction with minimal urinary symptoms. Additionally, it is thought that the 
location of prostatic enlargement can be just as significant, if not more, than the 
degree of enlargement. For example, patients can experience significant symptoms 
with even modest median lobe enlargement due to “ball-valving” of the median lobe 
into the bladder outlet. This is in comparison to some patients with massive lateral 
lobe enlargement with virtually no signs or symptoms of BOO. Overall, given the 
variability in which these patients present, it is important to perform a thorough 
workup, even when the prostate appears small on exam or imaging, to avoid long- 
term complications of silent or minimally symptomatic BOO. 
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Chapter 2 A 
Diagnosis of Benign Prostatic Hyperplasia ss 


Matthew R. Macey and Mathew C. Raynor 


Abbreviations 


AUA-SI American Urological Association-Symptom Index 


BOO Bladder outlet obstruction 

BPH Benign prostatic hyperplasia 

DOA Detrusor overactivity 

DRE Digital rectal examination 

IPSS International Prostate Symptom Scores 
LUTS Lower urinary tract symptoms 


PVR Postvoid residual 

QOL Quality of life 

TRUS Transrectal ultrasound 

TURP Transurethral resection of the prostate 


Introduction 


Benign prostatic hyperplasia (BPH) refers to the proliferation of smooth muscle and 
epithelial cells within the transition zone of the prostate [1, 2]. BPH commonly 
contributes to a constellation of urinary symptoms in the male patient, collectively 
referred to as lower urinary tract symptoms (LUTS). LUTS is a term that describes 
bladder storage and voiding disturbances. 
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Bladder storage disturbances include daytime urinary frequency, urinary urgency, 
and nocturia. Detrusor overactivity (DOA) is thought to be a main contributor to the 
storage symptoms experienced with LUTS secondary to BPH. Symptoms experi- 
enced during the voiding phase may include straining to urinate, intermittent uri- 
nary stream, and weak urinary stream. 


Lower Urinary Tract Symptoms (Table 2.1) 


Moderate-to-severe LUTS rises in prevalence to nearly 50% by the 8th decade of 
life [3]. It has been estimated that up to 9096 of men between 45 and 80 years of age 
suffer some degree of LUTS [4]. The impact of LUTS and BPH on a patient's qual- 
ity of life (QOL) can be significant. The primary goal of treatment of BPH with 
LUTS has traditionally been to alleviate bothersome symptoms that result from 
prostatic enlargement. More recently, treatment has evolved to additionally focus on 
the alteration of disease progression in order to prevent complications associated 
with BPH and LUTS [5]. 

Important comorbidities that have been associated with BPH include acute uri- 
nary retention, renal insufficiency, development of gross hematuria, bladder calculi, 
urinary incontinence, and recurrent urinary tract infections [6]. 


History 


Other medical conditions that can elicit LUTS should be considered during the 
diagnostic workup of BPH as they may act as confounders. These conditions 
include, but are not limited to, uncontrolled diabetes which may lead to glucosuria, 
urethral stricture disease, or neurologic conditions (e.g., Parkinson disease, cerebro- 
vascular accident). Medications that can lead to urinary retention (anticholinergics) 
or increase outflow resistance (sympathomimetics) should also be taken into 
account. Previous surgeries, for example, transurethral resection of the prostate 
(TURP), can lead to urethral or bladder neck stricture which can be evaluated by 
cystoscopy [7]. 


Table 2.1 Irritative and obstructive symptoms of LUTS 


Storage (irritative) symptoms - . | Voiding (obstructive) symptoms 
Urinary frequency | Hesitancy m u 
Urinary urgency | Intermittency 

Nocturia | Weak stream 


| Urinary retention 
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Physical Exam 


BPH is most easily identified on physical exam with the digital rectal examination 
(DRE), which provides a rough estimate of prostatic size when compared to more 
accurate measurement modalities like transrectal ultrasound (TRUS) or MRI [8]. 
The reliability across observers with DRE is generally considered poor, however 
[9]. DRE tends to underestimate true prostate size as determined by TRUS or other 
imaging studies. The prostate is generally considered enlarged when it is greater 
than 25-30 g in size. 

It is important to understand that the size of the prostate does not correlate well 
with the severity of symptoms in all patients, and therefore, is not a critical factor in 
determining the need for treatment. Further, prostate size has been shown to also 
not correlate well with degree of urodynamic obstruction or treatment outcomes 
[10, 11]. Palpation of a discrete prostatic nodule or asymmetric induration on DRE 
should elicit correlation with a serum PSA in order to determine the need for a 
prostate biopsy. 

Examination of the external male genitalia and abdomen is also an important 
aspect of the consultation, particularly in detection of urethral meatal stenosis, 
palpable masses, or a palpable distended bladder. 


Objective Questionnaires Regarding BPH Symptoms 


Objective measures of a patient's urinary symptoms include the American Urological 
Association Symptom Index (AUA)-SI and International Prostate Symptom Score 
(IPSS) templates. These are short, self-administered questionnaires used to assess 
the severity of three storage urinary symptoms (urinary urgency, frequency, noctu- 
ria) and four voiding symptoms (incomplete emptying, intermittency, straining, 
weak stream). Each of the seven variables is assessed on a 0—5-point scale. The 
IPSS form also assesses the degree that urinary symptoms affect the patient's 
QOL. A total score of 0—7 on the IPSS correlates with mild symptoms, 8-19 cor- 
relates with moderate symptoms, and 20—35 correlates with severe symptoms 
[12, 13]. The IPSS is now considered the U.S. and international standard. A voiding 
diary with frequency and volume of urinary output may also be helpful in workup 
of BPH [14, 15]. 


In-Office Objective BPH Studies 


Several noninvasive studies can be performed in the clinic during the diagnosis of 
BPH with LUTS. Urinalysis via point of care urine dip should be performed to rule 
out active urinary tract infection and to examine for hematuria. 
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A postvoid residual (PVR) urine volume can also be assessed. PVR describes the 
amount of urine retained within the bladder immediately following a spontaneous void. 
PVR is typically measured with sufficient accuracy by transabdominal ultrasound; 
however, it can alternatively be measured via catheterization [16]. Catheterization for 
PVR may be more accurate for measurement of retained volume; however, it is more 
invasive in nature and carries potential risks such as urethral stricture or UTI that would 
otherwise be avoided with ultrasound. Residual urine volumes do not correlate well 
with other signs and symptoms of BPH with LUTS, and it is not clear whether PVRs 
predict outcome of surgical treatment or impending urinary tract damage. Nevertheless, 
men who have significant PVR values at baseline should be monitored more closely, 
especially if they pursue nonsurgical management or antimuscarinic therapies. 

Uroflowmetry (“uroflow’’) describes the electronic recording of the urinary flow 
rate throughout the course of a spontaneous voiding event (Fig. 2.1). Uroflowmetry 
is a noninvasive urodynamic test performed in the clinic setting for patients with 
LUTS. The peak flow rate (Qmax) measured with uroflowmetry appears to predict 


Fig.2.1 Patient urinating 
into a uroflow machine 


Uroflowmeter 
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surgical outcome in some studies. A group of patients with Qmax «10 mL/s prior to 
prostatectomy had better overall subjective postoperative outcomes when compared 
to other groups in a study from Jensen, et al [17]. A Qmax of 15 mL/s was determined 
as the cutoff value to predict postoperative significant symptomatic improvement 
rate in another study by Jensen and colleagues in 1988 [18]. Further, McLoughlin 
and colleagues determined that use of a cutoff Qmax value of «12 mL/s as an indica- 
tor for bladder outlet obstruction (BOO) would subject only 3% of patients to an 
unnecessary bladder outlet surgical procedure [19]. One of the main limitations of 
uroflow is that the flow rate recording cannot distinguish between BOO and impaired 
detrusor contractility as the cause for a low Qmax [20]. The Agency for Healthcare 
Research and Quality guideline panel reached the following conclusions regarding 
uroflowmetry [16]: flow rate measurements are inaccurate if voided volume is 
«125-150 mL, flow rate recording is the single best noninvasive urodynamic test to 
detect lower urinary tract obstruction, the peak flow rate more specifically identifies 
patients with bladder outlet obstruction (BOO) than does average flow rate, a Qmax 
of less than 15 mL/s does not differentiate between obstruction and bladder decom- 
pensation or detrusor underactivity, which is present in 9-48% of men undergoing 
urodynamic evaluation for non-neurogenic LUTS [21]. 

Routine laboratory evaluation is not indicated in the standard patient that pres- 
ents with LUTS thought to be secondary to BPH. However, patients who have a 
history of elevated serum creatinine levels and LUTS require consideration of upper 
urinary tract imaging. This is typically performed with a renal ultrasound to rule out 
obstructive uropathy. Serum PSA can also be checked in the workup of LUTS if 
indicated. Prostate cancer can lead to LUTS secondary to bladder outlet obstruction 
and can coexist with BPH. Measurement of the serum PSA value should be per- 
formed in patients in whom the identification of cancer would clearly alter LUTS 
management [7, 22, 23]. It is important to note that BPH may lead to an elevation in 
PSA levels as evidenced by McConnell and colleagues, who have shown that over 
2596 of males with BPH have elevated PSA levels greater than 4.0 ng/mL [16]. 


Pressure-Flow Studies 


Urodynamic pressure-flow studies (Fig. 2.2) aid in the diagnosis of patients with 
LUTS thought to be secondary to BPH as it allows differentiation between patients 
with a low Q4, secondary to bladder outlet obstruction from those caused by 
impaired detrusor contractility. This delineation is made possible by the addition of 
detrusor pressure values at Q,4,. Urodynamic testing requires catheterization into 
the bladder and the rectum for measurement of the intravesical and intra-abdominal 
pressure, respectively. The overall value of urodynamic testing has historically been 
questioned; however, it does appear to reduce the subjective failure rate of surgical 
approaches in the patient with LUTS thought to be secondary to BPH [24, 25] and 
should be considered in patients with equivocal findings on other noninvasive stud- 
les. It can also serve as an aid to ensure that a patient has adequate detrusor contrac- 
tile function prior to bladder outlet surgery. 
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Fig. 2.2 An example of a urodynamics setup 


Cystourethroscopy 


Routine cystoscopic evaluation is not recommended during the initial workup of 
LUTS thought to be secondary to BPH; however, it is optional later if surgical treat- 
ment is strongly being considered [7, 22, 23, 26]. A classic intravesical finding in 
the setting of long-term BOO involves trabeculation, which was first described by 
Gosling and colleagues. Bladder wall trabeculations form due to an increase in 
detrusor collagen deposits in the setting of chronic BOO [27, 28]. Prostatic 


2 Diagnosis of Benign Prostatic Hyperplasia 17 


hypertrophy may be noted on urethroscopy with occlusion of the prostatic urethra 
from lateral lobe coaptation. The lateral lobes of the prostate may hypertrophy to a 
size that occludes the prostatic urethra on urethroscopy, a finding that may be 
described as “kissing lobes.” Cystoscopy may also diagnose an intravesical median 
lobe of the prostate. 

Cystoscopy is indicated in men with LUTS who have a history of microscopic or 
gross hematuria, urethral stricture disease, bladder cancer, or prior lower urinary 
tract surgery (e.g., TURP). It may also be used by the urologist to determine which 
surgical approach may be the most appropriate technical approach based on ana- 
tomic findings in the treatment of BPH. Cystoscopy should not solely be used in the 
determination of the need of treatment as the link between endoscopic appearance 
of the lower urinary tract and treatment outcome is poorly documented [16]. 


Imaging Studies 


Imaging studies can be performed for surgical planning purposes in the preop- 
erative setting to determine the size of the prostate. TRUS or MRI measure- 
ments are preferred in this scenario. Both TRUS and MRI scanning are 
considered more accurate than DRE or cystourethroscopic estimates of prostate 
size, and an accurate measurement of true prostate size can be important in the 
decision on whether to pursue specific surgical routes of treatment (e.g., open or 
cystoscopic approaches) [8]. TRUS volume measurements using the ellipsoid 
volume formula are the most widely accepted measure of prostate volume. 
There appears to be reasonable statistical performance characteristics on TRUS 
when it is performed by a single or several well-trained examiners [29]. Cost of 
MRI is a major limitation when used for the patient with LUTS thought to be 
secondary to BPH. Nevertheless, the use of MRI for the detection of prostate 
cancer continues to increase. 

Upper urinary tract imaging is not recommended in the routine evaluation of men 
with LUTS unless one of the following signs or symptoms is present: hematuria, 
UTI, renal insufficiency, history of urolithiasis, or history of UTI [16, 22, 30]. Renal 
ultrasound or CT imaging are most commonly utilized in evaluation of the upper 
urinary tract in the appropriate clinical situation. 
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Chapter 3 A 
Medical Management of Benign ges 
Prostatic Hyperplasia 


Victor C. Showalter and Mathew C. Raynor 


Indications for Medical Management 


Benign prostatic hyperplasia (BPH)/lower urinary tract symptoms (LUTS) can 
greatly affect quality of life. The primary goal of management is to alleviate 
symptoms and alter disease progression [1]. Medical therapy has become the 
mainstay of primary BPH LUTS management [2]. Current medical therapies 
include a-adrenergic receptor blockers, 5o-reductase inhibitors, phosphodies- 
terase type 5 inhibitors (PDES inhibitors), anticholinergics, and beta-3 agonist 
medications. 

Evaluation prior to medical treatment includes a complete history, evaluation of 
LUTS severity, and use of the American Urological Association (AUA) Symptom 
Index or the International Prostate Symptoms score (IPSS). Thorough evaluation 
should also include digital rectal examination, urinalysis, noninvasive uroflowme- 
try, serum prostate-specific antigen (PSA) in select patients, and optional frequency/ 
volume chart to assess for other causes of LUTS that require alternate therapy to 
medical management [2]. 

See Table 3.1 for an overview of the BHP medications discussed in this chapter 
along with their advantages/disadvantages. 

See Fig. 3.1 for the prostatic locations of actions of the BPH medications. 
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Table 3.1 Medications used in the medical therapy of BPH 


Alpha receptor antagonist 


Generic Trade name | Receptor Advantage Disadvantage 
name inhibition 
Terazosin Hytrin® Alpha 1 Highest rate of 
orthostatic hypotension 
Doxazosin | Cardura® | Alpha 1 
Alfuzosin Uroxatral& | Alpha 1 Least likely to cause 
ejaculatory 
dysfunction 
Tamsulosin | Flomax® | Alpha 1A No dose titration Floppy iris syndrome 
Silodosin Rapaflo® | Alpha 1A Reduced hypotensive | Highest rate of 


side effects 


ejaculatory dysfunction; 
not available as generic 


5 Alpha reductase inhibitors 


Generic Trade name | Enzyme inhibition | Advantage Disadvantage 
name 
Finasteride | Proscar® | Type 1 isozyme Decreases prostate Sexual side effects; 
size; decreased increased risk of high 
overall risk of grade prostate cancer 
prostate cancer diagnosis 
Dutasteride | Avodart® | Type 1 and Type 2 | Decreases prostate Sexual side effects; 
isozymes size; decreased increased risk of high 
overall risk of grade prostate cancer 
prostate cancer diagnosis 
Antispasmodics 
Generic Trade name | Type Advantage Disadvantage 
name 
Oxybutynin | Ditropan® | Anticholinergic/ | Only generic Risk of acute urinary 
M3 antagonist antispasmodic retention; dry mouth 
available 
Fesoterodine | Toviaz® Antocholinergic/ Risk of acute urinary 
M3 Antagonist retention 
Solifenacin | VESIcare® | Anticholinergic/ Risk of acute urinary 
M3 antagonist retention 
Mirabegron | Myrbetriq® | Beta-3-agonist No cognitive effects | Increase blood pressure; 


nasopharyngitis; UTI 


Hytrin®, AbbVie, North Chicago, IL, USA 
Cardura®, Pfizer, NY, NY, USA 
Uroxatral®, Sanofi-Aventis, Bridgewater, NJ, USA 


Flomax®, Sanofi-Aventis, Bridgewater, NJ, USA 


Rapaflo®, Allergan, Dublin, Ireland 
Proscar®, Merck, Kenilworth, NJ, USA 
Adovart®, GlaxoSmithKline, Brentford, UK 
Ditropan®, Ortho-McNeil Pharmaceuticals, Raritan, NJ, USA 
Toviaz®, Pfizer, NY, NY, USA 

VESIcare®, Astellas Pharma, Tokyo, Japan 
Myrbetriq®, Astellas Pharma, Tokyo, Japan 
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Fig. 3.1 Prostatic locations of actions of BPH medications 
Alpha-Adrenergic Receptor Blockers 


Mechanism of Action 


First-line medical therapy for BPH is a-adrenergic blockade. The rationale for 
treatment is that both static and dynamic factors contribute to bladder outlet obstruc- 
tion (BOO) symptoms in men with BPH [3]. The dynamic symptoms are mediated 
by the prostatic smooth muscle surrounding the prostatic urethra which is inner- 
vated by a-adrenergic receptors [3]. Caine and colleagues [4] first demonstrated the 
high prevalence of a-adrenergic receptors in the prostatic capsule and hypertrophic 
tissue. Shapiro [5] confirmed a positive clinical correlation between BPH tissue 
percent density of smooth muscle and clinical BPH symptom improvement with 
a-receptor blockade. 

The a-adrenergic receptors responsible for contraction are the a, as opposed to 
the a, [6]. Receptor density with respect to location also supports these findings 
with a ratio of œ to o; concentration in the prostate of 3.9:1, with the majority of œ 
localized to the stroma and o, in the epithelium and blood vessels [7]. The «e, adren- 
ergic receptors are further differentiated into subgroups of o4, ots, and oup. Forray 
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and colleagues [8] demonstrated that prostate smooth muscle tension was mediated 
by the o;4 subtype, as compared to the ag receptor predominantly located in the 
prostatic glandular epithelium [9]. 


Nonspecific Versus Specific Alpha-Blockers 


The only nonselective a-blocker is phenoxybenzamine, first shown to be an 
effective in treating BPH by Caine and colleagues [10]. Phenoxybenzamine 
resulted in measurable improvement in symptoms, but the nonspecific binding 
to a, and oo receptors led to undesired side effects in nearly half of the patients 
treated [11]. 

Prazosin, originally evaluated as an antihypertensive medication, demonstrated 
increased peak urine flow rates and decreases in postvoid residual (PVR) volume in 
patients with bladder outlet obstructive symptoms caused by BPH [12]. Prazosin is 
no longer used clinically for LUTS due to increased adverse effects secondary to 
nonselective a-blockade. 

The need for long-acting Alpha, selective medications for BPH lead to the devel- 
opment of doxazosin, terazosin, and alfuzosin SR (sustained release). All three 
medications are quinazoline derivatives with half-lives greater than 12 hours requir- 
ing once a day dosing [13-17]. 

Further desired specificity for a-adrenergic receptor subtypes was achieved 
with Tamsulosin and Silodosin. Tamsulosin, a sulfonyl derivative, has preferen- 
tial selectivity for the a, and ap adrenergic receptor subtypes [18]. Silodosin 
displays preferential binding for a), receptor subtype with an at; 4-to-os binding 
ratio of 162:1 [19]. Both tamsulosin and silodosin have half-lives greater than 
12 hours [20, 21]. 


Summary of Evidence 
Terazosin 


Terazosin is a long-acting selective o;-adrenergic receptor blocker that does not 
have specificity between subtypes [16]. Roehrborn and coauthors [22] studied 2084 
males with moderate LUTS secondary to BPH randomized to either terazosin, 5 mg 
or 10 mg daily titrated to patient's therapeutic response, and placebo. Results of the 
trial demonstrated a 3.9 point improvement in average symptom score with terazo- 
sin and improvement in peak flow rate (2.2 ml/sec vs 0.8 ml/sec in the terazosin and 
placebo groups, respectively) [22]. Dosing of terazosin starts at 1 mg daily and 
should be titrated up to clinical effect. Typical dosing for BPH ranges from 5 mg to 
10 mg daily [23]. 
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Doxazosin 


Doxazosin clinical efficacy has been evaluated in three major multicenter, randomized, 
double-blind, placebo-controlled studies [24—26]. Gillenwater and colleagues [26] per- 
formed a 16-week multicenter, double-blind, placebo-controlled trial dose response 
study in mild to moderate hypertensive patients with BPH. Of the 248 patients enrolled, 
216 were eligible for efficacy analysis. The study's treatment doses included 2 mg, 
4 mg, 8 mg, 12 mg, and placebo which were randomly assigned to equal groups. 
Symptom improvement was seen at the 4 mg and 8 mg dosing. Maximum urinary flow 
rates increased significantly with 4, 8, and 12 mg dosing when compared to placebo. 
Improvement in urine flow rate ranged from 2.3 to 3.6 ml per second with greater 
improvement corresponding to higher doses. Decrease in blood pressure observed in 
the study was statistically significant for all doses of doxazosin when compared to 
placebo, specifically standing blood pressure decreased 11.6 to 17.4 systolic and 9.8 to 
12.7 mmHg diastolic corresponding to increasing doxazosin dosages. Safety evalua- 
tion reported adverse events in 48% of doxazosin patients and 35% placebo patients. 
Adverse effects did not increase with dose or duration of treatment [26]. 

Due to potential effects on blood pressure, doxazosin should be started at 2 mg 
dosing and titrated to clinical effect. Typical dosing for BPH ranges from 4 mg to 
8 mg daily. 


Alfuzosin 


Alfuzosin is selective for the o-receptors but is not selective to the specific o, sub- 
types. Clinical efficacy of alfuzosin was demonstrated in three double-blind 
placebo-controlled studies [27—29]. In a pooled analysis of randomized trials, alfu- 
zosin 10 mg once daily improved overall symptom score (—6.0 vs —4.2, alfuzosin 
vs placebo) and peak flow rates. Adverse effects were low (696 in alfuzosin group) 
and sexual side effects were rare, including abnormal ejaculation (0.696) [30]. 


Tamsulosin 


Tamsulosin is the most frequently used a-receptor blocker in the United States due 
to its selectivity (but not specificity) for the a4 subtype [31]. Efficacy of tamsulosin 
for BPH has been reported in a large meta-analysis encompassing several trials 
compared to placebo [32]. A total of 2758 subjects were included in the six placebo- 
controlled studies combined [18, 33—37]. Tamsulosin was superior to placebo in 
five out of six trials. Four of the six trials had sufficient data for evaluation of doses 
of 0.4 mg and 0.8 mg tamsulosin. Significant symptom improvement was seen for 
tamsulosin at 0.4 mg and 0.8 mg dosing when compared to placebo. Symptom 
improvement was not significantly different between 0.4 mg and 0.8 mg dosing for 
tamsulosin [32]. 
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Adverse events and study withdrawal compared to placebo were similar (12% in 
both tamsulosin and placebo groups). Rates of adverse events increased with increas- 
ing dose of tamsulosin (5% at 0.2 mg, 52% at 0.4 mg, and 75% at 0.8 mg) [32]. 


Silodosin 


Silodosin is a highly selective o4 receptor antagonist and has higher affinity for o4 
receptor subtype than tamsulosin [38]. Several placebo-controlled trials have exhib- 
ited significant symptom improvement in storage and voiding symptoms with silo- 
dosin versus placebo [39-41]. Dosing for silodosin ranges from 4 mg to 8 mg. 
Silodosin is partially excreted in the urine and dose adjustments should be made 
based on renal function (max 4 mg for GFR 30—50). Silodosin is contraindicated in 
patients with GFR « 30 [21]. 


Side Effects 


Alpha-receptor antagonist side effects result from sympathetic blockade in loca- 
tions apart from the prostatic stroma. The most studied and concerning side effect is 
dizziness that occurs secondary to hypotension, a direct result from hypotensive 
effects of -adrenergic receptor blockade [25, 26, 29, 35, 42]. 

Reported rates of dizziness range from nearly 1246 of patients treated with tera- 
Zosin to 19% of patients treated with doxazosin [22, 26]. Alfuzosin had similar rates 
of dizziness as terazosin [13]. Due to higher selectivity for the o4 receptor, tamsu- 
losin showed lower rates of reported dizziness (5—6906) [35]. Due to its higher affinity 
for the o4 receptor, silodosin has the lowest reported rates of dizziness (<2%) [39]. 

The incidence of erectile dysfunction secondary to o-blocker treatment has been 
extensively studied. Erectile dysfunction associated with alfuzosin did not exceed 
1.596 in most randomized control trials (RCTs) with an increased rate compared to 
placebo in only 3 RCTs [43]. Additionally, alfuzosin showed no difference in erectile 
dysfuntion (ED) rates compared to other «-blocker medications [44, 45]. Doxazosin 
only showed increased evidence of ED in only 1 RCT [43]. A British Tamsulosin study 
found higher rates of ED events when used with finasteride (2%) compared to the 
0.01% rate with tamsulosin monotherapy [46]. Of note, in the United States, the rate 
of erectile dysfunction is listed at >1% for patients taking alfuzosin and terazosin, 
while tamsulosin does not list ED as a side effect [43]. 

Alpha-blocker action of relaxing smooth muscle in the prostate likewise exerts 
effects on the bladder neck and prostatic urethra. Inhibition of smooth muscle tension 
decreases resistance of the bladder neck during ejaculation. The abnormal ejaculation 
observed in a-blocker treatment is thought to be similar to that seen after transurethral 
resection of the prostate [47]. Studies have estimated ejaculatory volume decrease of 
2.4 mL compared to placebo [48]. Despite this adverse effect, adherence to the medi- 
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cation is high in afflicted patients [43]. This side effect is most specific to tamsulosin 
and silodosin, due to their more selective inhibition of bladder neck o4 receptors. 

Intraoperative floppy iris syndrome (IFIS) is a complication of cataract surgery 
described as 3 features: flaccid iris stroma, propensity for floppy iris to prolapse 
toward the side port incision, and progressive intraoperative pupil constriction [49]. 
The syndrome is attributed to the alpha,, receptor predominance in the iris dilator 
muscle. A retrospective chart review showed that 296 of patients having cataract 
surgery developed IFIS. Of those patients affected, all were taking tamsulosin for 
BPH [49]. A second study in the same cohort found that of the patients who devel- 
oped IFIS, 94% had a history of concurrent or prior tamsulosin use [49]. In patients 
with history of cataracts, physicians should consider involving ophthalmologist 
before starting patients on alpha-blocker medications. 


5-Alpha-Reductase Inhibitors 
Mechanism of Action 


Normal prostate growth is modulated by testosterone and its reduced form, dihy- 
drotestosterone (DHT). BPH development is also modulated by these hormones as 
BPH does not occur in patients that have been castrated prior to puberty [50]. 
Concentration studies of DHT demonstrate increased levels in the hyperplastic 
glands of BPH as compared to the non-hypertrophied glands of the same prostate 
[51]. Wilson [50] was able to induce BPH in dogs by increasing DHT concentra- 
tions to levels equally measured in the naturally occurring BPH disorder [52]. 
Additionally, BPH regression is noted following physical and chemical castration 
[53]. Inhibition of testosterone conversion to DHT in theory should prevent BPH 
progression and result in decreased prostatic size, therefore alleviating the static 
component of BPH contributing to LUTS. 

Two drugs, finasteride and dutasteride, both inhibit conversion of testosterone to 
DHT via interaction with 5a-reductase. Finasteride is a competitive 5a-reductase 
inhibitor that has selective inhibition of the prostate-specific type 2 isozyme [54] 
.Dutasteride inhibits both the type 1 and 2 isozymes of 5a-reductase [55]. 


Summary of Evidence 
Finasteride 


The first large multicenter, double-blind, placebo-controlled trial to investigate the 
efficacy and safety of finasteride compared placebo to finasteride doses of 1 mg and 
5 mg [56]. Unique to this study was subjects not only needed to display LUTS but 
also required enlarged prostates. Corresponding prostate volumes were measured at 
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61.0 ml, 60.9 ml, and 58.6 ml in the placebo, 1 mg finasteride group, and the 5 mg 
finasteride group, respectively [56]. 

The study showed that serum DHT decrease was significantly greater in the 5 mg 
finasteride treatment group compared to the 1 mg treatment group. Testosterone lev- 
els for both finasteride treatment groups increased but stayed within normal ranges. 
Serum PSA level decreased in the 1 mg and 5 mg groups, measured at 4896 and 5096 
decrease from baseline, respectively. Reduction in LUTS was observed initially in 
all three patient groups. At the conclusion of the study, no significant difference in 
symptom reduction was observed between placebo and the 1 mg finasteride group. 
The 5 mg group had a significant decrease in symptom scores of 2.7 (2196 decrease), 
with maximum improvement observed at the end of the study. Maximum urinary 
flow rate increased in the 1 mg and 5 mg dose groups compared to placebo; 22%, 
23% and 896, respectively. Prostate volume reduction was significant compared to 
placebo for the 1 mg and 5 mg finasteride groups. Observed decreases were 18% 
and 19%, respectively. Dropout rates for 5 mg finasteride, 1 mg finasteride, and pla- 
cebo were 13%, 9%, and 12%, respectively, mainly due to adverse effects or lack of 
efficacy. Despite similar reduction in prostate size in both finasteride groups, signifi- 
cant symptom improvement was only observed in the 5 mg arm [56]. 

Long-term efficacy and safety of finasteride was confirmed in a 4-year double- 
blind, randomized placebo-controlled trial performed by McConnell [57]. Results of 
the study demonstrated continued long-term efficacy of finasteride in symptom 
reduction, increased peak urine flow rates, decreased incidence of acute urinary 
retention (3% vs 7%), and decreased need for surgical intervention (5% vs 10%) [57]. 


Dutasteride 


Dutasteride inhibits both type 1 and type 2 isozymes of 5a-reductase [58]. Treatment 
with dutasteride is intended to further lower DHT levels by 9096 as compared to 
finasteride which reduces DHT by 7096 [59]. The safety and efficacy of dutasteride 
was reported in a phase 3 clinical trial including 4325 men with LUTS and enlarged 
prostate. Patients were randomized placebo or 0.5 mg daily dutasteride for 24 months 
duration [60]. Results demonstrated levels of DHT dropped by average of 90.2% at 
24 months in the dutasteride group. Symptom scores were significantly decreased in 
the dutasteride group compared to the placebo at 4.5 points to 2.3, respectively. 
Maximum flow rate significantly increased by 2.2 ml/s in the treated patients com- 
pared to 0.6 ml/s in placebo patients. The incidence of acute urinary retention was 
also decreased in the dutasteride group, similar to that seen prior finasteride studies. 


Side Effects 


Prior to development of selective 5a-reductase inhibitors, more aggressive antian- 
drogen methods were employed [61]. These therapies were effective in shrinking 
prostate size, but severe side effects were observed, including impotence, decreased 
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libido, lack of energy, gynecomastia, and increased risk of osteoporosis. These 
adverse effects far outweighed the benefit gained from prostate volume reduction 
[61]. Aforementioned side effects were greatly reduced with the introduction of 
finasteride and dutasteride. 

Side effects of finasteride include decreased libido, ejaculatory disorders, and 
erectile dysfunction. In several randomized trials comparing finasteride to placebo, 
erectile dysfunction occurred more frequently in the finasteride groups (3.4-8.1% 
vs 0.4-4.7% for finasteride and placebo, respectively) [56, 57, 61, 62]. Additionally, 
these studies demonstrated consistent adverse effects of decreased libido and ejacu- 
latory dysfunction in the finasteride groups versus placebo. A minor risk of breast 
enlargement was noted, as well [57]. However, there was a noticeable decrease in 
sexual-related side effects over time with prolonged use of finasteride [63]. 

As expected, dutasteride demonstrated similar side effects as finasteride. 
Typically, adverse events associated with dutasteride occurred within the first 
6 months of therapy [64]. Erectile dysfunction with dutasteride therapy was 396 
higher compared to placebo at 12 months. However, this difference decreased to 
0.596 and 24 months. A similar symptom trend was observed when patients assigned 
to placebo crossed over to active treatment. Decreased libido was 1.896 greater in 
the treatment group compared to placebo at 12 months. Like erectile dysfunction, 
this decreased to 0.3% at 24 months. Ejaculatory dysfunction followed similar pat- 
terns, showing increased rates compared to placebo at 12 and 24 months at 1.1% 
and 0.446, respectively. Gynecomastia risk was 0.896 greater compared to placebo 
at 12 months. Unlike the other adverse effects observed in the study, rates of gyne- 
comastia did not decrease until 48 months of treatment [64]. 

Both finasteride and dutasteride have a similar effect on PSA levels. In general, 
PSA levels are decreased by approximately half with treatment [65]. Therefore, 
PSA levels used for prostate cancer screening should be adjusted to account for this 
effect. Similarly, any elevated corrected PSA or rising PSA on treatment should be 
considered for further evaluation for prostate cancer [66]. 

Previous large randomized trials of finasteride and dutasteride have demon- 
strated a decrease in the risk of prostate cancer with treatment. In the Prostate 
Cancer Prevention Trial, Thompson and coauthors [67] reported a 24.8% relative 
risk reduction in the risk of prostate cancer. However, despite this reduction, the 
rates of high-grade disease (Gleason score 7-10) were higher in the finasteride 
group versus placebo. Similar relative risk reduction of prostate cancer was seen 
with dutasteride versus placebo [67, 68]. 


Phosphodiesterase-5 Inhibitors 
Mechanism of Action 


The use of phosphodiesterase-5 inhibitors for LUTS is a relatively new phenome- 
non. The exact mechanism of action of PDEIs in treatment of BPH and LUTS 
improvement is not well understood. PDES inhibitors were initially used for erectile 
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dysfunction (ED) by inhibiting the enzyme phosphodiesterase 5. Phosphodiesterase 
inhibition prevents cGMP breakdown which serves as a second messenger in the 
smooth muscle dilation nitric oxide pathway [69]. 

PDES inhibitors were first examined for BPH symptom management because of 
the high incidence of LUTS in patients with erectile dysfunction. Many epidemiol- 
ogy studies showed that there was a significant association between LUTS and erec- 
tile dysfunction. For example, Braun and associates [70] demonstrated that in a 
sample of 4489 German males, 72.296 of study participants with erectile dysfunc- 
tion had LUTS as compared to the 37.796 of patients without ED. This association 
has been confirmed in multiple subsequent studies [71-74]. 

Due to the BPH and ED association, sildenafil was evaluated in a prospective 
study as potential dual therapy. Preliminary results demonstrated all patients who 
suffered from severe LUTS improved, while 6096 of patients with moderate LUTS 
improved to a mild classification [75]. 


Summary of Evidence 


The efficacy of phosphodiesterase inhibitors in treating LUTS secondary to BPH 
has been studied since the mid-2000s. The most extensively studied PDEI has been 
tadalafil. McVary and associates [76] performed the first double-blind, placebo- 
controlled, randomized, parallel study investigating the efficacy of once-daily 
tadalafil for specific treatment of LUTS secondary to BPH. Subjects involved in the 
study required moderate LUTS and decreased maximum urine flow rate. The 
patients were randomized to 5 mg tadalafil daily which could be increased after 
6 weeks of treatment to 20 mg or placebo. Results demonstrated a significant 
improvement from baseline for symptom scores over the 12-month trial period. 
After 12 weeks, the tadalafil group demonstrated a change from baseline of —3.8 
points, while placebo change from baseline was —1.7 with similar decreases in irri- 
tative and obstructive symptoms. Greater maximum urine flow rates were observed 
in the tadalafil treatment group, but the increases were minimal and not significant 
when compared to placebo [76]. The medication was well tolerated, with 89.396 of 
patients completing the 12-month trial. Similar results were described in other ran- 
domized trials and reviews [77—79]. 

Concerns with earlier studies were that the majority only included men with both 
erectile dysfunction and BPH. Many of the early studies did not take into account 
prostate size or urinary flow rates at baseline [80]. Comparing studies can also be 
difficult when some studies did not provide a placebo pretrial period, possibly 
resulting in greater placebo effect on study results [77]. Despite these study faults, 
PDES inhibitors, specifically tadalafil due to its once a day dosing, can provide 
significant improvements in patients with symptoms of BPH. Though changes in 
urine flow rates did not show any significant difference, PDE5 inhibitors are a viable 
alternative treatment for LUTS secondary to BPH. To date, tadalafil is the only 
PDES inhibitor approved for use in patients with BPH and LUTS, due to its long 
acting effect and once daily dosing. 
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Side Effects 


Phosphodiesterase inhibitors prevent cGMP inactivation in the nitric oxide pathway 
leading to smooth muscle dilation. The nonspecific smooth muscle dilation is the 
source of undesired adverse effects. 

A seven-study systematic review of tadalafil, the long acting PDES inhibitor with 
a half-life of 17.5 hours, showed the most common adverse effects compared to 
placebo to be headache, dyspepsia, back pain, flushing, gastroesophageal reflux 
(GERD), and sinusitis [79, 81]. Of the seven studies comparing tadalafil to placebo, 
three trials used different increasing doses in different treatment arms [77, 78, 82]. 
The adverse effects measured did not demonstrate dose-dependent increase [79]. 
The most common adverse effect reported was headache with a combined study 
overall rate of 4.6% and 2.1% in the tadalafil and placebo arm, respectively [79]. 
The rare dyspepsia was also greater in the tadalafil-treated patients occurring at 
3.1% as compared to 0.8% in placebo. Back pain incidence was at 2.5% and 1.5% 
in the tadalafil and placebo groups, respectively. Flushing rates were 1.2% and 0.2% 
in the treatment and placebo arms, respectively. The overall adverse event rate was 
16% in the tadalafil treatment patients compared to 6% in the placebo patients. 
Discontinuation secondary to adverse events was rare when combining both studies 
which included more than 2000 subjects [79]. 


Anticholinergics/M3 Antagonists 


Mechanism of Action 


Lower urinary tract symptoms can be further broken down into different compo- 
nents, specifically storage and voiding. Storage issues can present as frequency 
and urgency which are often attributed to bladder overactivity. This occurs with 
overstimulation of the detrusor muscle. During normal detrusor function, the 
muscle will relax and stretch, allowing the bladder to increase in size without 
pressure changes, termed accommodation [83]. Overactivity limits accommoda- 
tion and results in symptoms of involuntary voiding, inability to suppress volun- 
tary voiding contraction, and frequent and intense sensation of the need to 
urinate [83]. Studies have shown that 50-75% of men with BPH have overactive 
bladder [84]. 

The pathophysiology of BPH causing bladder overactivity is not well understood 
but is believed to be secondary to two possible components: neurogenic and myo- 
genic. The neurogenic aspect of disease is thought to be due to the urinary tract's 
ability to alter its nerve innervation over time. Animal studies have demonstrated 
significant detrusor muscle denervation in obstructed urinary tract animal models 
[85, 86]. The myogenic component is supported by observed alterations in morphol- 
ogy, intercellular junctions, and behavior after examination of the detrusor muscle 
from overactive bladder patients [87]. Anticholinergic therapy for overactive blad- 
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der functions by preventing acetylcholine interaction with muscarinic receptors 
which are responsible for detrusor contraction [88]. 

Overactive bladder has been managed with anticholinergics, thus decreasing 
detrusor muscle overactivity. Historically, BPH medical management has specifi- 
cally focused on limiting obstruction, i.e., a-adrenergic blockade and 5a-reductase 
inhibitors. The indication for anticholinergic medical management in BPH should 
only be used in the setting of overactive bladder symptoms. 


Summary of Evidence 


Tolterodine is an antimuscarinic agent that is used for overactive bladder in the set- 
ting of BPH. Tolterodine has been studied more than the most common utilized 
anticholinergic counterpart, oxybutynin, due to its decreased side effect profile [89]. 
Despite the lack of BPH-specific studies, oxybutynin is the more widely used 
medication. 

The efficacy of anticholinergic agents on LUTS and overactive bladder symp- 
toms secondary to BPH is best examined in the systematic review by Blake-James 
and colleagues [90], including 5 randomized controlled trials and 15 observation 
case series studies. The outcomes from the 5 RCTs showed no significant differ- 
ences between the maximum urine flow rate between treatment and control. Postvoid 
residual volume was significantly greater for anticholinergic-treated patients in two 
of the studies [90]. 

Unfortunately, adequate trials evaluating the efficacy of anticholinergics for 
LUTS and overactive bladder symptoms are few and show only modest symptom 
improvement for patients with BPH with overactive bladder. 


Side Effects and Pharmacodynamics 


The main risk of anticholinergic use for overactive bladder symptoms in the setting 
of BPH is the potential increased risk of urinary retention. A large retrospective 
cohort study completed in the United Kingdom examined to see if either short term 
or long-term use of anticholinergic medications resulted in increased risk of acute 
urinary retention over time [91]. Acute urinary retention occurred at a rate of 0.01% 
in men 20 to 49 years of age with increasing rate of occurrence with increase in age 
groups [91]. In patients aged 80 to 84 years, it occurred at a rate of 0.6996 [91]. 
Patients most at risk for acute urinary retention were those who had started the 
medication within 30 days [91]. Therefore, it is recommended that patients started 
on anticholinergics have postvoid residual evaluated within the first 30 days of med- 
ication initiation. 

In the systematic review by Blake-James and colleagues, the most common 
adverse effect was xerostomia, occurring at an overall rate of 15.9% and 3.7% in the 
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anticholinergic and placebo group, respectively [90]. The other minor adverse 
events included GI symptoms, dizziness, and blurred vision, but did not result in 
withdrawals from trials. 

Despite concerns for potential AUR, anticholinergics are deemed appropriate in 
the BPH population with irritative voiding symptoms. 


Beta-3-A gonists 
Mechanism of Action 


Mirabegron is a beta-3-receptor agonist. Unlike cholinergic activation of the blad- 
der which causes contraction, norepinephrine and f, receptor binding is responsible 
for relaxation in the bladder [92]. Mirabegron use can cause a dose-dependent 
detrusor relaxation in the bladder. This increase in relaxation theoretically should 
increase bladder capacity without any changes in micturition pressure or residual 
volume [93]. 


Efficacy 


Mirabegron is a once daily dose medication with a 40-hour half-life. The medica- 
tion is metabolized in the liver and excreted in the urine and feces [94]. The system- 
atic review by Chapple and coauthors [95] examined the efficacy and safety of 
mirabegron. This review showed a significant decrease in micturition frequency and 
incontinence episodes in a non-dose-dependent manner. Significant improvements 
in symptoms were seen in all three treatment groups of 25 mg, 50 mg, and 100 mg. 
However, these studies did not primarily include patients with BPH. Despite these 
limitations, the medication appears to be safe and show moderate improvements in 
overactive bladder symptoms [95]. 


Side Effects 


Potential concerns with mirabegron predominantly involve associated increase in 
blood pressure. Studies indicate that there is a minor increase in blood pressure with 
use of mirabegron. The QT healthy volunteer study examined blood pressures rises 
with medication use, noting 3.0, 5.5, and 9.7 mmHg increases in 24-hour systolic 
blood pressures for the 50, 100, and 200 mg doses, respectively, compared to pla- 
cebo [96]. Chapple and colleagues [95] were able to pool the results of the three 
major randomized controlled trials for blood pressure changes and noted that mira- 
begron caused an increase of BP of less than 1 mmHg [97—99]. This was confirmed 
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by the 12-month TAURUS study completed by Chapple and coauthors [100], using 
2444 patients randomized to either 50 mg mirabegron, 100 mg mirabegron, or 4 mg 
tolterodine ER. This long-term study noted that the AM systolic blood pressure 
mean change from baseline to final visit was 0.2, 0.4, and —0.5 for 50 mg mirabe- 
gron, 100 mg mirabegron, and 4 mg tolterodine, respectively [100]. 

The review also examined adverse events and tolerability of mirabegron. 
Adverse effects including dry mouth, pruritus, constipation, erythema, blurred 
vision, fatigue, and urinary retention occurred at similar rates to placebo [95]. The 
adverse events that were observed at increased rates compared to placebo were 
hypertension, nasopharyngitis, and UTI occurring at rates of 7.3%, 3.4%, and 
3.0%, respectively [95]. 


Medication Combinations 


Alpha-Blockers and 5a-Reductase Inhibitors 


The most commonly used medication classes for BPH management are o-adrenergic 
blockers and 5o-reductase inhibitors. The symptomatic and disease-specific mea- 
surement improvements observed in multiple studies led to the first evaluation of 
efficacy of combination therapy with terazosin and finasteride in 1996 [101]. The 
double-blind, placebo-controlled study included 1229 patients with symptomatic 
BPH. Patients were randomized to placebo, finasteride, terazosin, and combination 
(terazosin and finasteride) therapy for a duration of 52 weeks. Primary endpoints of 
the study included change in symptom score and peak urinary flow rate [101]. 

Both terazosin and combination groups showed significant improvement in 
symptoms score and peak urinary flow rates compared to finasteride monotherapy 
and placebo. Symptom score improvement from baseline for the terazosin and com- 
bination groups were 6.1 and 6.2 points, respectively. The maximum decrease in 
symptom score was achieved after 13 weeks of treatment. Finasteride and placebo 
both saw significant decreases in symptom scores, as well, with decreases measured 
at 3.2 and 2.6 points, respectively. The terazosin and combination groups demon- 
strated the largest increase in peak urine flow rates at 2.7 and 3.2 mL/sec, respec- 
tively. Placebo and finasteride observed increases of only 1.4 and 1.6 mL/sec, 
respectively. Greatest reduction in prostate volume was seen in finasteride and com- 
bination groups of 6.1cm? and 7.0cm%, respectively. 

Adverse effects observed in the combination treatment arm showed an increase 
in ejaculatory dysfunction to the finasteride, terazosin, and placebo treatment arms. 
The need for dose reduction was also observed at higher rates in the terazosin and 
combination therapy groups at 1196 each. Other measured adverse outcomes 
occurred at similar rates described in previous studies evaluating study medications 
individually. 

This study showed that o-blocker therapy alone was as effective as combination 
therapy and superior to 5a-reductase monotherapy and placebo at improving urinary 
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symptom score and peak urinary flow rates [101]. These findings were confirmed in 
similar studies evaluating doxazosin, finasteride, and combination, as well as alfu- 
Zosin, finasteride, and combination [102, 103]. 

The MTOPS study was designed to evaluate the effect of a-blocker or 
5o-reductase monotherapy, combination, or placebo on progression of BPH. This 
large randomized placebo-controlled trial evaluated the efficacy of doxazosin, finas- 
teride, and combination of both drugs, versus placebo, over a 5-year period [104]. 
The primary differences of this study compared to previous studies were duration of 
treatment and different outcome evaluation. The primary endpoint of the MTOPS 
study was progression of BPH, defined as an increase in symptom score of 4 points 
above initial baseline symptoms, development of incontinence, incidence of acute 
urinary retention, recurrent urinary tract infections, or development of renal insuf- 
ficiency. The study included 3047 men with symptomatic BPH. Doses of medication 
were 8 mg doxazosin, which could be titrated down to 4 mg if patients could not 
tolerate the higher dose, and 5 mg finasteride. 

Progression of BPH occurred in 2.7%, 2.9%, and 1.5% per year in the doxazosin, 
finasteride, and combination groups, compared to 4.596 per year in the placebo 
group. Thus, these results demonstrated a significant 66% risk reduction in the rates 
of BPH progression for combination therapy, 39% risk reduction for doxazosin 
alone, and 34% for finasteride alone, compared to placebo. The decrease in progres- 
sion of BPH was significantly greater for combination therapy when compared to 
the rates in either monotherapy alone. 

As shown in previous monotherapy studies, the need for invasive therapies for 
BPH was significantly decreased in the finasteride monotherapy and combination 
groups. No significant difference was seen in the doxazosin group, compared to 
placebo. 

Subset analyses showed increased efficacy in the combination and finasteride 
groups for men with baseline PSA levels greater than 4 ng/mL or those with a pros- 
tate volume greater than 40 mL. 

Adverse events mirrored the previous individual medication studies. Combination 
treatment exhibited the similar adverse effects and rates caused by the individual 
medications. Unique to the combination therapy was the incidence of abnormal 
ejaculation, peripheral edema, and dyspnea occurring at rates of 3.0596, 1.2596, and 
1.2096, respectively. All three were significantly higher in combination therapy 
compared to placebo, finasteride, and doxazosin. 

In conclusion, the MTOPS study showed significant improvement in the rate of 
progression of BPH with combination treatment versus monotherapy or placebo. 
Men with higher PSA levels and larger prostate volumes at baseline had signifi- 
cantly better response to combination treatment. Similar results were seen in studies 
evaluating monotherapy or combination with dutasteride and other a-blockers. This 
study differed from the terazosin/finasteride/combination study in the primary out- 
comes assessed. From these studies, it appears that o-blocker therapy is best for 
improving urinary symptoms and peak urinary flow rates, but combination therapy 
is best for limiting progression of BPH over time and reducing the risk of future 
need for surgical intervention. 
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Combination of a-Adrenergic Blockers and Antimuscarinic 
Medication 


Benign prostatic hyperplasia and coexistence of overactive bladder symptoms is 
well described in numerous studies. Treatments of BPH and overactive bladder are 
often studied independent of one another with specific treatments and outcome 
measurements designed specifically for one of the two medical issues [105]. In 
these studies some men fail to respond to their specific treatment possibly due to the 
studies failure to address the other component of their urination problems [106, 
107]. Small-scale trials have demonstrated potential benefit from use of combina- 
tion of a-adrenergic blockade therapy and antimuscarinic agents in patients suffer- 
ing from both conditions [107]. 

Kaplan and coauthors [105] completed a large-scale evaluation of managing 
these patients who met standard criteria for both overactive bladder and BPH with 
tolterodine and Tamsulosin. The 12-week, randomized, double-blind, placebo- 
controlled study included men with moderate to severe LUTS and a self-rated blad- 
der condition causing moderate to severe problems. The study was conducted 
across 95 urology clinics; patients were randomly assigned placebo, 4 mg toltero- 
dine ER, 0.4 mg tamsulosin, or a combination of both medications at the same 
dosages. 

A total of 879 patients were randomized for the study. The benefit in patients 
using a combination of tolterodine ER and tamsulosin was measured at 80 percent 
by the end of the 12 weeks. This improvement was statistically greater than placebo, 
tolterodine ER, and tamsulosin which experience improvements of 62%, 65%, and 
71%, respectively. Combination therapy also demonstrated significant decrease in 
urgency episodes, 24-hour frequency, and night time frequency compared to the 
other 3 treatment arms. Significant difference in urgency and 24-hour frequency 
was observed as early as 1 week of treatment. Symptom evaluation improved sig- 
nificantly in the tamsulsoin and combination therapy treatment arms. 

All of the treatment groups tolerated medication well. Adverse effects of tamsu- 
losin and tolterodine ER noted a 21% rate of dry mouth, 6% rate of nasal conges- 
tion, and 246 incidence of acute urinary retention; AUR occurred at similar rates as 
other treatment arms of the study. The majority of adverse events were equally dis- 
tributed across the 4 treatment arms. 

The increased benefit from combination therapy led the publishers of the study 
to suggest that the best candidates for a multiple medication treatment regimen are 
those who have failed a-adrenergic blocker therapy and have more severe symp- 
toms at baseline [105]. 

Further evaluation of combination a-adrenergic blockade and antimuscarinic 
therapies has shown improvements in frequency but few other parameters. Therapy 
has been shown to be safe in these studies as well [108, 109]. 

Usage of this combination of medication based on current studies shows that it is 
effective in reducing frequency and potentially urgency with minimal side effects 
compared to the medications used individually. Due to the potential increase in 
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PVR, men with significantly elevated PVR should not be offered this medication 
combination [66]. 


Take-Home Points 


BPH medical management is an effective method for treating the LUTS patient 
who desires to avoid surgery. 

Alpha-blocker therapy is generally the first-line therapy for dynamic causes of 
LUTS. 

All alpha-blocker medications are equally effective at treating LUTS. 

Specific alpha-blocker treatment is dependent on side effect profile generally, 
i.e., rates of dizziness, hypotension, and sexual side effects. 

5a-inhibitors prevent prostate growth and are best utilized in patients with 
enlarged prostates. 

The combination of alpha-blocker and 5a-reductase therapy has been shown to 
be more effective than individual therapies. 

PDES inhibitors demonstrate improvement in LUTS but do not improve disease- 
specific measurements. 

Anticholinergics and beta-3 agonists are best utilized in patients with overactive 
bladder secondary to BPH but may increase risk of AUR in older patients. 
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Chapter 4 A 
Indications for Surgical Management ges 
of Benign Prostatic Hyperplasia 


Obafunbi Abimbola and Mathew C. Raynor 


Introduction 


All surgical interventions for BPH are aimed at decreasing outlet obstruction. The 
choice of surgical intervention depends on prostate size, anatomy, and potential 
risks/benefits of each procedure. For smaller prostate glands (volume 80-100 cc), 
these options include transurethral resection of the prostate (TURP), photoselective 
vaporization of the prostate (PVP), the Rezüm(& System (NxThera Inc., Maple 
Grove, MN, USA), and the UroLift& System (NeoTract, Pleasanton, CA, USA) 
(prostatic urethral lift). For larger prostate glands, surgical options include simple 
prostatectomy and Holmium laser enucleation of the prostate (HoLEP). 


Transurethral Resection of the Prostate (TURP) (Fig. 4.1) 


Transurethral resection of the prostate (TURP) is considered the gold standard for 
patients with moderate-to-severe lower urinary tract symptoms associated with 
benign prostatic hyperplasia [1, 2]. During the procedure, the middle and lateral 
lobes of the prostate are removed using an electrosurgical resection loop. Indications 
for TURP include symptoms secondary to outlet obstruction refractory to medical 
therapy, urinary retention, bladder calculi, and recurrent hematuria [3]. 
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Fig. 4.1 Transurethral resection of the prostate (TURP) using an electrosurgical resection loop is 
appropriate for smaller prostate glands 


Efficacy 


Many studies have found TURP to be an effective treatment for benign prostatic 
hyperplasia related to outlet obstruction. In a randomized controlled trial of 556 
men conducted by Wasson and colleagues, TURP was compared to watchful wait- 
ing. In the study, patients who underwent TURP had improved symptoms and scores 
for urinary difficulties and interference of daily living (p « 0.001), improved peak 
flow rate (p < 0.001), a decreased volume of residual urine (p = 0.015), and improved 
symptoms of urinary incontinence [4]. These findings were further confirmed by a 
prospective multicenter analysis of 10,654 patients. In this large study, Reich and 
colleagues reported a significant increase in urinary peak flow rate from 10.4 to 
21.6 mL per second (p « 0.0001) after TURP. They also reported a post-void resid- 
ual reduction from 180.3 to 31.1 mL (p « 0.0001) [5]. 

Although this procedure has been shown to be effective in both the short and long 
term, the reoperation rate is approximately 2—-15%. In a multicenter study of 39,077 
patients conducted by Roos and colleagues, the reoperation rate was 2.3-4.3% at 
12 months after initial TURP, 8.9-9.7% at 5 years, and 12—15.5% after 8 years [6]. 
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Complications 


Overall, TURP is considered a safe procedure. One of the few complications 
reported is transurethral resection (TUR) syndrome. This syndrome occurs when 
there is excessive intravascular absorption of hypotonic fluid used for irrigation dur- 
ing the procedure, resulting in a dilutional hyponatremia. Patients experiencing 
TUR syndrome may present with nausea, vomiting, mental confusion, visual distur- 
bances, and hypertension [7]. 

Finally, the development of bipolar resection devices for TURP has been shown 
to reduce the risk of TUR syndrome, due to the utilization of normal saline irriga- 
tion. In a meta-analysis of 1406 patients, none of the patients who underwent a 
bipolar TURP experienced TUR syndrome in comparison to 13 patients who under- 
went monopolar TURP [8]. 

Other complications include postoperative bleeding requiring transfusions, uri- 
nary incontinence, and sexual dysfunction [9]. In a prospective randomized con- 
trolled trial of 510 patients, Geavlete and coauthors compared the perioperative 
outcomes and complication rates of monopolar TURP and bipolar TURP. This 
study reported a significantly lower transfusion rate for bipolar TURP (1.8% vs 
6.5%, p = 0.009). The rates of urinary incontinence were 1.2% for bipolar TURP 
and 2.4% for monopolar TURP (p = 0.363) [10]. 

In regard to the procedure’s effects on sexual function, erectile dysfunction and 
retrograde ejaculation are two complications that have been experienced. In a retro- 
spective study of 264 patients, Pavone and coauthors reported on these two compli- 
cations. In this study, a 48% incidence of retrograde ejaculation was observed. This 
study also reported an overall insignificant change in erectile function, although 
5.5% of men with good erectile function prior to the procedure reported worsening 
function afterwards [11]. When comparing de novo erectile dysfunction in monopo- 
lar vs bipolar TURP, El-Assmy and coauthors reported a rate of 8.2% and 7.3%, 
respectively, in their randomized controlled trial of 246 patients [12]. 


Photoselective Vaporization of the Prostate (PVP) (Fig. 4.2) 


Photoselective vaporization of the prostate (PVP) is a surgical technique that uses 
laser energy to vaporize the tissue of the prostate. The wavelength of laser used is 
532 nm, allowing it to penetrate the tissue at a depth of 0.8 mm [13]. The types of 
lasers used are potassium titanyl phosphate (KTP) and lithium borate (LBO). 
Similar to TURP, the goal of PVP is to form a channel within the prostate to relieve 
the symptoms of obstruction secondary to benign prostatic hyperplasia. This type of 
procedure should be offered to patients with a prostate volume of <80-100 cc. Due 
to its hemostatic properties, patients with a high risk of bleeding or on anticoagulant 
therapy could benefit from this approach, due to the potential lower risk of periop- 
erative bleeding [14]. 
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Fig. 4.2 Photoselective vaporization of the prostate (PVP) using a green light laser is appropriate 
for smaller prostate glands 


Efficacy 


PVP has been well studied in regard to functional outcomes in patients with benign 
prostatic hyperplasia. In a multicenter prospective clinical trial of 139 men, Te and 
associates reported significant improvements in quality of life scores, peak urinary 
flow rates, and post-void residual volumes after photoselective vaporization of the 
prostate. At | year after treatment, the mean quality of life score decreased from 4.3 
to 1.1 (p « 0.0001), the post-void residual volume decreased from 114.3 mL to 
24.8 mL (p « 0.0001), and the peak urinary flow rate increased from 7.8 to 22.6 mL 
per second (p « 0.0001) [15]. 

In regard to this procedure's safety and efficacy in anticoagulated patients, 
Sandhu and associates performed a study with 24 men on warfarin, clopidogrel, or 
aspirin. In this study, after performing the procedure, there were no cases of clini- 
cally significant hematuria or clot retention. In this study, the peak urinary flow rates 
increased from 9 to 20.1 mL per second after 1-year of follow up [16]. In the 
GOLIATH prospective randomized controlled trial of 291 patients, Bachmann and 
associates compared the results of the TURP procedure to the GreenLight XPSTM 
PVP system (Boston Scientific, Malborough, MA, USA). At a follow-up of 
12 months, the peak urinary flow rate and post-void residual volume between the 
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two groups were not statistically different [9]. At 2-year follow-up, these outcomes 
were sustained. These studies were able to show similar outcomes of PVP in com- 
parison to TURP procedures [17]. 


Complications 


The complications of the photoselective procedure are similar to those of the TURP 
procedure. These include urethral strictures, bleeding requiring blood transfusions, 
dysuria, and urinary retention [18, 19]. This operation avoids the risk of TUR syn- 
drome with the use of normal saline as irrigation fluid. This type of laser procedure 
has a lower risk of bleeding, a shorter postoperative catheterization time, as well a 
shorter length of stay in comparison to TURP procedures [20]. 

In comparison to TURP, storage symptoms and mild-to-moderate dysuria are 
common adverse effects reported in the short-term postoperative period after laser 
procedures. Specifically, the degree of dysuria reported is often correlated to the 
amount of prostatic tissue coagulated [21]. When there is an insufficient speed of 
tissue vaporization with the laser beam, excessive coagulative necrosis secondary to 
thermal damage can occur, resulting in dysuria. This technique is often observed in 
those surgeons in the learning phase of this particular surgical procedure [22]. In a 
meta-analysis of 2245 patients, Ahyai and associates compared the outcomes and 
complications of TURP to other transurethral procedures of the prostate, including 
photoselective vaporization of the prostate. In this study, the average rates of tran- 
sient dysuria of TURP and photoselective vaporization of the prostate were 0.8% 
and 8.5%, respectively. As previously discussed, this phenomenon can be attributed 
to surgical experience and the amount of thermal damage produced [23]. 


The Rezüm? System (NxThera Inc., Maple Grove, MN, USA) 
(Fig. 4.3) 


The Rezüm system is another endoscopic, minimally invasive technique that uses ther- 
mal energy from water vapor to ablate the prostatic tissue. The water vapor is injected 
transurethrally into the prostatic tissue at 103 °C. This procedure has several advan- 
tages. These include the ability to perform the procedure in the outpatient setting under 
local anesthesia or oral sedation and more precision to target different zones of the 
prostatic adenoma [24]. This procedure is indicated in patients with moderate to severe 
lower urinary tract symptoms who have failed watchful waiting or medical therapy. 

The treatment needle tip is guided through the urethra via rigid cystoscopy until 
approximately 1 cm distal to the bladder neck. Once correctly positioned, the needle 
is deployed into the adjacent prostatic adenomatous tissue until the treatment cycle 
completes. The number of treatments per lobe is determined by the total distance 
between the bladder neck and the verumontanum. 
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Fig. 4.3 Using water vapor to ablate the prostate tissue, the Rezim® System (NxThera Inc., 
Maple Grove, MN, USA) is an endoscopic, minimally invasive technique appropriate for smaller 
prostate glands 


Once the first lobe is treated, the treatment needle is then retracted into the device 
and deployed in a different lobe. The previous steps should be repeated until all the 
lobes are treated. Once the procedure is completed, the Rezüm device is removed 
from the urethra [24]. 


Efficacy 


In a multicenter randomized controlled trial of 135 men, McVary and associates 
were able to confirm the effectiveness of this minimally invasive technique. At 
3 months after treatment, the peak urinary flow rate had increased by 6.2 mL and 
was maintained for a year (p « 0.0001). These patients also experienced an improve- 
ment in the International Prostate Symptom Score (IPSS). At 3 months, those who 
were treated with the Rezüm system experienced a 50% reduction in IPSS in com- 
parison to the control arm which experienced a 20% reduction in the score 
(p « 0.0001) [24, 25]. 

Recently, Roehrborn and coauthors demonstrated long-term effectiveness of this 
treatment by reporting the 2-year outcomes from the multicenter randomized 
controlled trial. At 2 years, the treatment maintained a 51% reduction in 
IPSS. Throughout the study, there were no new cases of erectile dysfunction [26, 27]. 
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Complications 


The complications associated with the Rezüm system include dysuria, acute uri- 
nary retention, urinary frequency, and hematuria. These complications typically 
resolve within a short amount of time. This type of procedure does not have a 
negative impact on sexual or ejaculatory function [28]. In a randomized con- 
trolled trial of 197 men, McVary and coauthors confirmed these findings. At the 
start of the trial, 5296 of the men in the active treatment group had reported a 
history of erectile dysfunction. After treatment, McVary and coauthors reported 
no evidence of treatment or device-related de novo erectile dysfunction at both 
3 months and 12 months. In regard to ejaculatory dysfunction, the questionnaire 
score improved by 31% over the baseline at 12 months (p = 0.0011) [29]. At 
3-year follow-up, the patients continued to show no negative impact on sexual or 
ejaculatory function [24]. 


The UroLift& System (NeoTract, Pleasanton, CA, USA) 
(Fig. 4.4) 


The UroLift® System is a device that uses sutures on tension to mechanically retract 
the lateral lobes of the prostate toward the prostatic capsule, thereby relieving ure- 
thral obstruction. This procedure can be performed in an outpatient setting under 
local anesthesia and oral sedation. The UroLift procedure should be offered to 
patients with a prostate volume less than 80-100 cc as well as patients without 
median lobe obstruction. 


Before prostatic After prostatic 
urethral lift procedure urethral lift procedure 


Fig. 4.4 Using sutures on tension to retract lateral lobes of the prostate, the UroLift& System 
(NeoTract, Pleasanton, CA, USA) can be performed in an outpatient setting and is appropriate for 
smaller prostate glands 
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Operative Technique 


The patient is positioned in the dorsal lithotomy position with appropriate padding 
for all pressure points. The perineum, genitalia, upper thighs, and lower abdomen 
are then adequately prepared in sterile fashion and surgical draping is placed to 
allow access to the area. 

Rigid cystoscopy is performed and then the implant delivery device is placed 
within the sheath. Once positioned correctly, the device is used to compress the 
anterior portion of the obstructing prostatic lobe by angling it approximately 20—30 
degrees laterally. A 19-gauge needle is then inserted into the prostatic lobe. Once 
deployed, the needle is slowly withdrawn so that the implant attaches to the capsule 
of the prostate. At this time, different degrees of tension are placed on the monofila- 
ment, and through this process, the surgeon can determine the most optimal width 
of the prostatic lobe and cut the monofilament accordingly. The implant should be 
placed so it retracts the obstructive adenomatous prostatic tissue from the prostatic 
urethra. The end piece is left in the urethral portion of the lobe and epithelialization 
occurs overtime at this area. This process is repeated on the contralateral side [30]. 


Efficacy 


In a randomized controlled trial of 206 men, patients treated with a urethral lift 
experienced improvement in their American Urological Association Symptom 
Index (AUASI). This score was reduced from a baseline of 22.1 to 18 at 2 weeks, 
11.0 at 3 months, and 11.1 at 1 year. In addition to improvement in symptoms, the 
patients experienced an increase in peak urinary flow rate of 4.4 mL per second at 
3 months which remained stable at 4.0 mL per second at 1 year (p « 0.001) [31]. 

Roehrborn and coauthors reported the 5-year results of this randomized con- 
trolled trial. By 5 years, the patients experienced a 3696 improvement in IPSS score, 
5096 improvement of quality of life, and 4496 improvement in peak urinary flow 
rate. The study also showed a 13.6% surgical retreatment for the UroLift procedure 
over this time [30]. 


Complications 


Complications reported from this procedure include dysuria, hematuria, and urinary 
incontinence, which usually resolve within 1 month. In regard to sexual function, 
the UroLift system has minimal effects on ejaculatory and erectile dysfunction at 
12 months and sustained at 5 years. The UroLift procedure has a clear advantage of 
treating lower urinary tract symptoms secondary to obstruction while maintaining 
sexual function [30-32]. 
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Surgical Treatment for Larger Prostates 


As the volume of a prostate increases, the procedures discussed above become 
increasingly more difficult and unsafe [4]. Larger prostates have an increased risk 
of bleeding secondary to the higher vascularity of the tissue [33]. For patients with 
larger prostates with a volume of 280—100 cc, a simple prostatectomy or Holmium 
Laser Enucleation of the Prostate (HoLEP) procedure is recommended. In this 
section, the technique, efficacy, and complications of these procedures will be 
discussed. 


Simple Prostatectomy 


There are several ways to perform a simple prostatectomy. These include an open 
approach, performing the surgery laparoscopically, or with robotic assistance. 
Simple prostatectomy should be considered in men with larger prostates (typically 
280-100 cc), as the risk of complication with TURP increases with increasing 
gland size. 


Open Prostatectomy 


An open prostatectomy can be performed by either a suprapubic or retropubic 
approach. The suprapubic approach allows better visualization of the bladder and 
bladder neck, making it most ideal for patients with large bladder calculi, bladder 
diverticula, or a large middle prostatic lobe that extends into the bladder. This 
approach involves opening the bladder to visualize the prostate at the bladder neck. 
The bladder mucosa overlying the prostate is then incised down the prostatic ade- 
noma. The adenoma is then enucleated down to the prostatic capsule and distally to 
the apex of the prostate. 

The retropubic approach involves opening the prostatic capsule on the anterior 
surface of the prostate. The adenoma is then enucleated and the prostatic capsule 
closed. With the retropubic approach, the surgeon has better exposure of the pros- 
tatic fossa with less risk of injury to the bladder. 


Robotic/Laparoscopic Prostatectomy 


As with the majority of prostate surgery in the current age, robotic surgery has seen 
significant increased utilization for simple prostatectomy. The operative technique 
for this type of prostatectomy is very similar to that of an open approach. The patient 
is positioned and prepared in the same fashion. Five 12-mm trocars are then placed 
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in the abdomen and a pneumoperitoneum is created. The specific laparoscopic 
instruments are attached to the trocars and then the surgeon carefully dissects the 
prostate from the capsule using a similar approach [34]. 


Efficacy 


Several studies have shown that open prostatectomy is an effective option for 
patients with significant benign prostatic hyperplasia. In a prospective multicenter 
study of 902 patients, peak urinary flow rate increased significantly by 12.5 mL per 
second (p « 0.0001), and the post-void residual volume decreased by 127.6 mL 
(p « 0.0001) [35]. 

In a randomized controlled trial conducted by Simforoosh and associates, func- 
tional outcomes between open prostatectomy and TURP procedures were com- 
pared. There was higher peak flow rate improvement in the open prostatectomy 
group (11.1 vs 8.0, p = 0.02) but no statistically significant difference between the 
IPSS score improvements between the two groups [36]. 

Finally, the laparoscopic approach has been compared to the open approach for 
the simple prostatectomy procedure, resulting in similar efficacy. Baumert and asso- 
ciates reported an improvement of International Prostate Symptom score of 22.4 to 
5.7 as well as an improvement of peak urinary flow rate from 8.1 mL per minute to 
24.6 mL per minute (p « 0.001) without significant differences between the two 
groups [37]. In a multi-institutional analysis of more than 1000 cases, Autorino and 
associates also confirmed these findings. There were significant improvements in 
both IPSS with reduction from 23 to 4 and peak urinary flow with increase of 5 to 
22 mL/sec [38, 39]. 


Complications 


One of the complications of an open simple prostatectomy is bleeding requiring 
transfusions. Approximately 7.5% of patients will require transfusions and 3.7% of 
patients experience severe bleeding requiring surgical intervention [38, 40]. In com- 
parison to the simple prostatectomy performed in a minimally invasive approach, 
the open approach has a higher risk of intraoperative bleeding requiring transfu- 
sions, duration of catheterization, and longer hospital stay [16, 41]. The transfusion 
rate of robotic-assisted simple prostatectomies is reported as 0-5% [41]. 

Long-term complications of open simple prostatectomy include urinary inconti- 
nence, erectile dysfunction, and retrograde ejaculation. These long-term complica- 
tions can be prevented by practicing careful dissection of the prostatic adenoma out 
of the prostatic capsule as to not perforate the capsule or tear the urethra. Other 
complications include deep vein thrombosis and pulmonary embolism. 

As with any procedure, proper preoperative counseling of the patient's expected 
postoperative course and risks of complications are very important to the patient's 
satisfaction. 
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Holmium Laser Enucleation of the Prostate (HoLEP) 


Holmium Laser Enucleation of the Prostate (HoLEP) is an endoscopic surgical 
technique using laser to remove the adenomatous prostatic tissue. This procedure 
should be offered to patients with large prostate glands as well as to patients with 
an increased risk of bleeding or on anticoagulant therapy due to its hemostatic 
effects. 


Operative Technique 


This technique is similar to that of the transurethral resection of the prostate (TURP). 
The patient is positioned and prepared in the same fashion. The 550-um laser fiber 
is used to enucleate the median lobe in a retrograde fashion. Next, the lateral lobes 
are enucleated, starting just lateral to the verumontanum and extending to the floor 
of the prostatic capsule, proceeding from the apex to the bladder neck. Once both 
lateral lobes are dissected, the enucleated prostatic tissue is removed by morcella- 
tion. Morcellation is performed to break the enucleated prostatic tissue into smaller 
pieces for removal. Once morcellation has been performed, an Ellik evacuator is 
then used to remove the small pieces of the adenoma [7]. 

This particular procedure has been shown to have a steep learning curve with 
literature confirming this observation. Robert and associates completed a prospec- 
tive multicenter clinical study of surgeons with no experience with the procedure. It 
was found that in order to feel comfortable with completing the procedure, a sur- 
geon needed to perform approximately 50 cases [42]. This study also reported 
incomplete morcellation, increased stress, procedural difficulty especially with 
finding surgical planes, and longer operative times as reasons for unsuccessful 
HoLEP procedures [10, 43]. It was found that if the trainee is supervised by an 
appropriate instructor, the learning curve may be 20—30 cases [44]. 


Efficacy 


There is a large body of evidence that describe the favorable outcomes of this pro- 
cedure. In a retrospective study of 1065 holmium laser prostate enucleations, the 
AUA symptom score decreased from 20.3 to 5.9 at 1 year and remained stable 
thereafter at 5.3. The peak urinary flow rate increased 8.4 mL per second to 19.5 mL 
per second by 1-year follow-up [40]. In a long-term randomized controlled trial by 
Gilling and associates, the peak urinary flow rate was 22.09 ml per second, and the 
AUA symptom score was 8.0 by 7 years of follow-up [45]. This was further con- 
firmed with a 10-year follow-up study by Elmansy and coauthors [42]. 

In comparing HoLEP to TURP procedure, the laser procedure has similar or 
even better functional outcomes. In a meta-analysis of six randomized controlled 
trials, Yin and coauthors reported a significantly better improvement in peak urinary 
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flow rate (p « 0.0001) and IPSS (p = 0.01) at 12 months postoperatively [43]. 
HoLEP has a statistically significant higher increase in peak urinary flow rate and 
higher IPSS reduction in comparison to TURP [22]. 


Complications 


Complications of the HoLEP procedure are similar to those of the TURP procedure. 
These include urinary incontinence, urethral stricture, and bladder neck contracture 
[46]. Urinary incontinence occurs in approximately 2046 of patients and is transient 
in nature with recovery within 1 year [47, 48]. One of the advantages to using laser 
energy is its ability to coagulate and provide hemostasis, which reduces the risk of 
bleeding in comparison to TURP procedure. This operation also avoids the risk of 
TUR syndrome with the use of normal saline as irrigation fluid in comparison to 
glycine in monopolar TURP procedures. 

In regard to ejaculatory function, HoLEP is associated with high rates of retro- 
grade ejaculation. The dysfunction rate can range from 70-88% of patients under- 
going this procedure [14, 49—52]. In comparison to other endoscopic procedures, 
this rate can be as high as 56% in photoselective vaporization of the prostate and 
73.896 in TURP procedures [53, 54]. 
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Imaging Overview 


Ultrasound (US) and magnetic resonance imaging (MRI) are the major modalities 
used in prostate imaging, with computed tomography (CT) playing less of a role. 
Advantages of US in comparison to other modalities include relatively low expense, 
portability, and ease of use. Although MRI is more expensive in comparison to US 
and CT, it offers excellent soft tissue detail and provides anatomic information 
about the structures surrounding the prostate. MRI is the most accurate imaging 
study for determination of prostate volume [1, 2]. In addition, MRI plays a crucial 
role in evaluation of prostate cancer. While CT is quick and affordable and has value 
in nodal staging for prostate cancer patients, it is not routinely used in prostate 
imaging. CT dots. CT angiography is useful for pre-procedure planning in prostatic 
artery embolization, as discussed in a subsequent chapter. 

The prostate is divided into four zones based on the McNeal zonal concept [3]. 
The three glandular zones are the peripheral zone, the central zone, and the transi- 
tion zone. The nonglandular zone is called the anterior fibromuscular stroma 
(Fig. 5.1a, b). Benign prostatic hyperplasia (BPH) refers to progressive enlargement 
of the prostate gland due to nonmalignant proliferation of the prostate glandular 
cells and smooth muscle of the prostate transition zone. 


b 


Fig.5.1 (a) Illustration of a normal prostate seen from a sagittal view. The largest area, shaded in 
pink, extending from the base of the prostate to the apex is the peripheral zone. The area in green 
is the central zone, which lies between the peripheral zone and transition zone (red) and surrounds 
the ejaculatory ducts. The anterior fibromuscular stroma is shaded in blue and forms the anterior 
surface of the prostate. The transition zone is in red and consists of glandular tissue lying just 
proximal to the verumontanum. The transition zone is the site of BPH. (b) Illustration of a prostate 
with an enlarged and nodular transition zone, characteristic of BPH. Notice protrusion of the 
hypertrophied prostate tissue into the bladder and narrowing of the prostatic urethra. (Both 
Illustrations Courtesy of Charles T. Burke, MD) 
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Ultrasound 


Ultrasound of the prostate can be performed from a transrectal or a transabdominal 
approach. With both approaches, the ultrasonographic appearance of the prostate is 
similar. When compared to the transition zone of the prostate, the peripheral zone is 
usually homogeneous and hyperechoic. The transition zone is hypoechoic to the 
peripheral zone and surrounds the urethra proximal to the verumontanum. With age, 
the transition zone may become more heterogeneous in appearance. Central and 
transition zones cannot be distinguished on ultrasound and are sometimes referred 
to as the central gland. 

The anterior fibromuscular stroma is hypoechoic. Additional structures can be 
seen on transrectal ultrasound (TRUS). The seminal vesicles and vas deferens can 
be seen and are thin-walled and hypoechoic. The paired ejaculatory ducts are 
hypoechoic structures with no visible lumen. Santorini's venous plexus is seen adja- 
cent to the anterior and lateral prostatic surfaces. The capsule of the prostate is seen 
as a hyperechoic line separating the prostate from the hyperechoic periprostatic fat. 

Transrectal ultrasound (TRUS) is performed in the lateral decubitus position 
with a high frequency endorectal transducer placed close to the prostate. TRUS is 
currently considered to be the best ultrasonographic method for evaluation of the 
prostate [4—6]. It produces high quality images with good soft tissue differentiation 
due to the proximity of the transducer to the prostate and the high frequencies used 
(Fig. 5.2). Limitations for transrectal ultrasound are primarily related to patient tol- 
erance. If the patient has anal disease or has had prior surgery that prevents him 
from tolerating a transrectal transducer, other options must be explored. 

Suprapubic ultrasound (SPUS), otherwise known as transabdominal ultrasound, 
is another method of imaging the prostate (Fig. 5.3a, b). SPUS is performed with the 
patient in the supine position typically using a 3.5-6 MHz curved linear array probe. 
It is dependent on several factors that influence the optimal visualization of the 
prostate gland. Because SPUS is performed with the bladder as an acoustic window, 
bladder underdistension is a limiting factor for accurate evaluation of the prostate. 
Similarly, large body habitus limits evaluation with suprapubic ultrasound. SPUS is 
more accurate at determining prostate volume when the prostate is greater than 
50 mL [4]. This may be due to pubic bone shadow among other factors. 

Current practice favors transrectal ultrasound over suprapubic ultrasound. 
Multiple studies have found that TRUS is more accurate than SPUS for estimating 
transition zone volume and total prostate volume, although SPUS still has a role for 
certain patients [4—7]. Despite TRUS performing better, studies have found a high 
correlation between SPUS and TRUS volume estimations [4, 6, 8]. As above, tran- 
srectal ultrasound is more invasive, can be uncomfortable for some patients, may 
provoke anxiety, or may not be possible due to anal disease or prior surgery. Thus, 
SPUS may be offered with knowledge of the limitations to patients who prefer the 
method, or as an alternative for patients who are not able to undergo TRUS. 
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Fig. 5.2 Transrectal ultrasound, transverse view of an enlarged prostate in a patient with BPH. The 
hypoechoic central gland (yellow arrow) consists of the transition zone and central zone and is 
hypertrophied. There are relatively hyperechoic areas within the central gland which represent BPH 
nodules (red arrows). The hyperechoic peripheral zone (white arrow) is compressed by the enlarged 
central gland. The calipers are measuring the entire prostate size in the transverse dimension 


Fig. 5.3 (a) Transverse view of an enlarged prostate using suprapubic ultrasound in a patient with BPH. 
(b) Longitudinal view of the prostate in the same patient. Notice the enlarged hypoechoic central gland 
(yellow arrow) with multiple hyperechoic BPH nodules (red arrows), and the relatively hyperechoic 
peripheral zone (white arrow). Compare these images with the transrectal ultrasound image in Fig. 5 
Transrectal ultrasound has noticeably higher anatomic definition than suprapubic ultrasound 
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Computed Tomography 


Computed Tomography (CT) has proven to be of limited value in the diagnosis of 
benign prostatic hyperplasia, as it is incapable of differentiating BPH from cancer 
due to its lack of soft tissue resolution [9]. BPH is typically incidentally seen on CT 
and is diagnosed with an ellipsoid volume greater than 30 mL similar to other imag- 
ing modalities. CT does have some advantages, namely, that it is fast and cost- 
effective, delineates surrounding pelvic anatomy, and is useful in cancer patients to 
assess nodal involvement. For evaluation of BPH, CT without contrast may be an 
alternative to MRI or ultrasound for determination of total prostate size; however, 
its limited soft tissue specificity precludes it from being the first-choice modality. 
CT angiography is useful for vascular anatomic characterization and will be dis- 
cussed in the chapter on preprocedural imaging for prostatic artery embolization. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) of the prostate is a powerful tool for diagnosis 
of prostate cancer, locoregional staging, and follow-up after treatment. As men- 
tioned earlier, MRI has excellent soft tissue detail, and in contrast to CT, is useful 
for differentiating BPH from cancer. MRI may also be used for estimation of zonal 
or entire prostate volume, which in turn is important in PSA density calculation and 
treatment planning. MRI is more recently being used in targeted biopsy, in evalua- 
tion of treatment response after prostate artery embolization, and in differentiation 
of morphologic phenotypes of BPH. 

Multiparametric prostate MRI refers to the use of conventional T1- and 
T2-weighted imaging sequences, as well as diffusion-weighted imaging (DWI), 
attenuation diffusion coefficient images (ADC), dynamic contrast-enhanced images 
(DCE), and MR spectroscopic imaging (MRST). 

MRI of the prostate may be performed with or without a balloon endorectal coil. 
While endorectal coils provide superior sensitivity at 1.5T, many radiologists can 
optimize imaging sequences to improve sensitivity, especially at 3T. Endorectal 
coils also add cost to the examination, can be uncomfortable, and can distort anat- 
omy [10]. At our institution, endorectal coils are not utilized for these reasons. 

There is disagreement on the use of enemas prior to MRI imaging of the prostate. 
Those who favor this approach state that the emptying of the rectum improves visu- 
alization of the prostate and allows for easier placement of endorectal coils. On the 
other side, enemas may increase rectal motion during the examination [11]. Patients 
are requested to refrain from ejaculation 3 days prior to MRI to improve distension 
of the seminal vesicles [12]. 

Another consideration is possible interference with interpretation due to recent 
prostate biopsy. Post-biopsy hemorrhage is low signal on T2 and can mimic cancer 
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foci. It is therefore advised to wait 4—6 weeks post-biopsy before performing the 
exam. 

T1 is mostly used for an overview of the pelvis, for prostate cancer staging, and 
to survey the prostate for hemorrhage after biopsy. Hemorrhage will generally have 
high T1 signal. T1-weighted images are limited for evaluation of the prostate anat- 
omy as the normal prostate appears uniform in intensity. 

T2-weighted spin-echo sequences best depict the zonal anatomy of the prostate 
and are used for lesion detection and for evaluation of extracapsular extension in 
prostate cancer. The peripheral zone of a normal prostate is typically hyperintense 
due to the high fluid signal from glandular elements. The transition zone is lower in 
intensity than the peripheral zone due to mixed glandular (high signal) and stromal 
tissue (low signal). Often the transition zone is seen as heterogeneous due to BPH 
nodules which can have varying amounts of glandular and stromal tissue. The ante- 
rior fibromuscular stroma demonstrates low T2 signal due to its high fibrous tissue 
content. With BPH, a pseudocapsule can be seen as low T2 signal, which represents 
the compressed peripheral zone. T2-weighted imaging is the most important 
sequence in the interpretation of prostate malignancy. Generally, prostate carcinoma 
will demonstrate low T2 signal. In the transition zone, carcinoma is seen as a more 
indistinct homogeneous area of signal in an otherwise heterogenous background. 

DWI is a sequence that depends on Brownian motion, or the mobility of water mol- 
ecules in the tissue being imaged. Areas with decreased diffusion of water molecules 
show high signal. In the prostate, malignancy is seen as high signal on DWI due to the 
compact density of the cancer tissue with decreased extracellular space. T2 shine- 
through is an artifact which is due to an area with long T2 relaxation times showing 
high signal on DWI without true diffusion restriction. ADC images are obtained to 
confirm diffusion restriction. If the area is bright on ADC, T2 shine-through is the cul- 
prit. True diffusion restriction shows decreased signal on ADC. Cancers typically dem- 
onstrate restricted diffusion at high b-values (1500-2000). 

DCEI is an optional sequence that provides information on tissue perfusion, vas- 
cular permeability, and extracellular leakage. The basic technique involves 
gadolinium contrast administration and serial acquisitions through the prostate 
every 2—5 seconds for 5 minutes. Early nodular enhancement and washout in com- 
parison to the rest of the prostate tissue is indicative of cancer. The PI-RADS com- 
mittee has advocated the acquisition of DCE images but acknowledges that little 
information can be gained above that offered by T2 and DWI/ADC [13]. A recent 
study explored the benefit of individual pulse sequences on cancer detection and 
found that DCE had no significant benefit when lesions were detected on T2 and 
DWI/ADC. In the whole prostate, DCE had only a modest increase in sensitivity for 
lesions seen independently on T2 and not DWI/ADC, but a significant benefit for 
transition zone lesions with the same scenario [14]. 

MRSI depends on the citrate to choline/creatine ratio in prostate tissue. Normal 
prostate secretes citrate, while prostate cancer secretes less citrate and more choline. 
A voxel of tissue is assessed for the ratio of choline/creatine to citrate. In the periph- 
eral zone, a ratio greater than three standard deviations above average suggests pros- 
tate cancer. In the transition zone, choline-only voxels are the most reliable indicator 
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of cancer as stromal elements of BPH can appear similar to low-grade prostate 
carcinomas. While MRSI can be helpful, it is not typically performed in the assess- 
ment of prostate cancer. 

The Prostate Imaging Reporting and Data System (PI-RADS) is a system of stan- 
dardized interpretation and reporting of prostate multiparametric MRI. This standard 
approach reduces error attributed to variability in assessment and reporting by provid- 
ing levels of suspicion for malignancy conveyed through a numbered grading scale. 
PI-RADS assessment utilizes findings on T2, DWI, and DCE and uses a five-point 
scale to convey probability of clinically significant cancer for each lesion. The grading 
scale is as follows: PI-RADS 1, very low (clinically significant cancer is highly 
unlikely to be present); PI-RADS 2, low (unlikely); PI-RADS 3, intermediate (equiv- 
ocal); PI-RADS 4, high (likely); PI-RADS 5 very high (highly likely). An in-depth 
explanation of the approach to PI-RADS is beyond the scope of this chapter. In gen- 
eral, a PI-RADS 5 lesion in the peripheral zone on T2 is described as a circumscribed, 
homogeneous, and hypointense mass > 1.5 cm. A PI-RADS 5 lesion on T2 in the 
transition zone is described as a lenticular or non-circumscribed, homogeneous, and 
hypointense mass 21.5 cm. A PI-RADS 5 lesion on DWI, in either the transition zone 
or the peripheral zone, is markedly hypointense on ADC, markedly hyperintense on 
high-b value DWI, and is 21.5 cm. PI-RADS 4 lesions have the same appearance as 
described for PI-RADS 5; however, they are «1.5 cm. Definite extraprostatic exten- 
sion makes a lesion in any location on any sequence a PI-RADS 5 [13]. Figure 5.4a-d 
shows the appearance of a PI-RADS 5 prostate cancer on multiparametric MRI. 

Although MRI of the prostate is quite sensitive for cancer, there are limitations. 
The prostate cancers that are usually missed are low Gleason score cancers, organ 
confined cancers, cancers that are small or very small in size («1096 volume), and 
satellite lesions. 

Recent literature outlines a classification system for different patterns of BPH on 
MRI [15, 16]. There are no defined treatment strategies for BPH based on these pat- 
terns, but future research on treatment outcomes with the various phenotypes may 
help to predict likelihood of treatment response. There are seven phenotypic types of 
benign prostatic hyperplasia described which are classified based on the patterns of 
lobar enlargement. The types are as follows: type 1, bilateral transition zone (TZ) 
enlargement; type 2, retrourethral enlargement; type 3, bilateral TZ and retrourethral 
enlargement; type 4, solitary or multiple pedunculated; type 5, pedunculated with 
bilateral TZ and/or retrourethral enlargement; type 6, subtrigonal or ectopic enlarge- 
ment; and type 7, other combinations of enlargements. Type 0 has also been described 
as a prostate showing little or no enlargement with a total prostate volume <25 cc. 
Retrourethral enlargement is analogous to median lobe hypertrophy as described in 
the original Randall classification from 1931 [17]. Retrourethral enlargement can 
cause bladder outlet obstruction by displacing the bladder trigone superiorly. 
Pedunculated enlargement refers to nodular enlargement from a superficial periure- 
thral gland in the posterior wall of the proximal urethra, which then protrudes into the 
bladder above the urethra. With pedunculated enlargement, there is no displacement 
of the bladder trigone. Subtrigonal enlargement is limited to the subtrigonal region 
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Fig. 5.4 (a-d) Transverse T2 (a), DWI (b), ADC (c), and DCE (d) images of a prostate in a patient 
with a PI-RADS 5 prostate cancer. (a) On the T2 images, there is a focus of hypointensity in the 
peripheral zone of the prostate apex on the right. There is invasion of the transition zone, and extra- 
capsular extension with invasion of the right neurovascular bundle. (b) The area demonstrates 
restricted diffusion seen as high signal on diffusion-weighted images and as corresponding low 
signal on ADC in c. (d) On the DCE color map, the area of concern is seen in red indicating early 
contrast enhancement and washout in comparison to the surrounding prostate. These perfusion 
kinetics are characteristic of cancer 


without continuity with other regions. Figure 5.5a-c shows a typical appearance of 
BPH on MRI. 

The superior soft tissue detail of MRI allows for its use in advanced methods 
for prostate volume determination. The ellipsoid formula is used with MRI for 


determination of the prostate volume and is calculated as Lx Wx Dx 4 , where L, 
W, and D are the length, width, and depth, and * can be estimated to equal 0.52. 
Because the ellipsoid formula assumes a uniformly shaped prostate, it is prone to 


inaccuracies. As mentioned earlier, prostate volume is important for treatment plan- 
ning and calculation of PSA density, so other methods have arisen to best approxi- 
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Fig.5.5 (a-c) Transverse (a), coronal (b), and sagittal (c) T2 images of a prostate in a patient with 
BPH. There is a nodular enlarged transition zone (yellow arrow) with heterogenous signal through- 
out. The peripheral zone (white arrow) is homogenously T2 hyperintense and is compressed by the 
hypertrophied transition zone. In c, notice that the hypertrophied transition zone is causing mass 
effect on the inferior portion of the bladder (red arrow) 


mate the prostate volume. Segmentation methods with 3D software either by an 
automated program or by manual segmentation are alternatives. Manual segmenta- 
tion takes time in comparison to automated segmentation but is more accurate. In 
addition, one paper has shown that manual segmentation likely does not require 
expert level radiology training. Bezinique and colleagues [2] showed that among 
multiple volume estimation methods with radiologist-performed manual segmenta- 
tion as the gold standard, manual segmentation by a medical student correlated the 
most with the radiologist. The second most accurate method was the ellipsoid for- 
mula. Regarding volume estimation between modalities, TRUS and MRI prostate 
size estimations both correlate highly with prostatectomy specimen volume. One 
recent study has suggested that MRI has a slightly higher correlation with prosta- 
tectomy volume and should be the default volume in cases in which TRUS and MRI 
volume calculations are disparate [18]. 
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MRI can be used in the post-PAE period for evaluation of prostate volume and 
presence of infarcted tissue. One recent study has shown that for successful cases of 
PAE, the mean amount of infarcted tissue was 2296 of the volume of the prostate. In 
the unsuccessful group, only one patient showed a small area of infarction (<5%), 
and the rest had no infarction [19]. These findings are promising for use of ischemic 
volume as a predictor for clinical success after PAE. Ischemic changes are charac- 
terized by areas of central gland hyperintensity on T1, hypointensity on T2, and 
hypoenhancement on contrast-enhanced images. With time, ischemic areas decrease 
in size and become increasingly isointense to the rest of the central gland [20]. 

Ultrasound, CT, and MRI of the prostate were discussed in this chapter. A funda- 
mental understanding of the diagnostic imaging principles outlined is essential to 
providing quality care to patients with prostate issues. 
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Chapter 6 A 
Preclinical and Clinical Evidence ics 
for Prostatic Artery Embolization 


Tirth V. Patel, Hyeon Yu, and Ari J. Isaacson 


Background 


Embolization of the prostate was initially described in the 1970s in patients with 
hematuria related to prostate cancer that was refractory to other treatments [1, 2]. 
Nonselective catheter-directed internal iliac artery embolization was used in patients 
with severe hematuria from the bladder or prostate as a method of last resort. While 
this was successful in stopping the bleeding, it was also associated with complica- 
tions related to nontarget embolization due to the nonselective nature of the embo- 
lization [3]. More selective catheterization of branch vessels became possible with 
the advent of microcatheters. Since then, prostatic artery embolization (PAE) has 
been performed successfully for refractory hematuria from a variety of causes, with 
improved safety profiles [4, 5]. 

The potential impact of PAE on bladder outlet obstruction symptoms related to 
benign prostatic hyperplasia (BPH) was first reported in 2000 [6]. A case report 
described a patient who was treated with PAE for hematuria secondary to BPH. Upon 
follow-up, not only had the hematuria ceased, but the patient reported a decrease in 
lower urinary tract symptoms (LUTS). This observation led the authors to suggest 
that PAE may be useful in the treatment of BPH [6]. 
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Preclinical Animal Studies 


In 1980, the first animal study evaluated the prostate gland after nonselective inter- 
nal iliac artery embolization [7]. The study was meant to evaluate the role of internal 
iliac artery embolization for refractory hematuria. There was infiltration of lympho- 
cytes, histiocytes, and fibroblasts in the interstitial tissue of the prostate on micro- 
scopic examination after embolization. No gross, macroscopic changes were 
observed, and the authors felt the procedure could be used for the treatment of 
severe hemorrhage in clinical practice [7]. 

However, animal studies evaluating prostate volumes following PAE were not 
performed until much later. In 2008, Sun and colleagues demonstrated the safety 
and technical feasibility of PAE in pigs, randomly assigning 16 male pigs to an 
embolization group and a control group that received selective angiography alone 
[8]. Bilateral PAE was successfully performed in all eight pigs in the embolization 
group using 500—700 um size particles. No significant complications were observed 
following the procedure in either group. Three months after the procedure, no sig- 
nificant difference in sexual function was identified between either group. Pathologic 
evaluation of the prostate revealed atrophy of the normal gland and replacement of 
the normal tissue with fibrosis in the embolization group. Mean PVs were also sig- 
nificantly decreased in the embolization group (3.9 mL x 1.3 in the embolization 
group compared to 7.3 mL + 2.3 in the control group, P « 0.001) [8]. 

Additional study has been performed using a canine model with hormonally 
stimulated BPH [9-11]. In 2011, Sun and colleagues studied 10 dogs after 3 months 
of hormonal therapy, assigning them to an embolization group or control group [9]. 
The embolization group had bilateral PAE performed with 300—500 um particles. 
Pathologic evaluation after 1 month showed necrosis and atrophy of the normal 
gland tissue in the embolization group and massive prostatic hyperplasia in the con- 
trol group. No significant complications were seen in either group [9]. Additional 
studies in canine BPH models have demonstrated similar findings with no major 
complications identified [10, 11]. 


Clinical Evidence 


Following the first case report in 2000, numerous human trials and meta-analyses/ 
systematic reviews have been published evaluating PAE for the treatment of symp- 
toms of bladder outlet obstruction related to BPH [12]. The first reported cases of 
successful PAE for urinary retention due to BPH were published in 2010 [13]. Two 
patients with acute urinary retention were treated with PAE using 300—500 um par- 
ticles, with relief of urinary obstruction and decrease in PV and postvoid residual 
urinary volume (PVR) in both patients at 6 months. No major adverse events were 
identified. Since then, numerous case series and single-arm studies have demon- 
strated the efficacy and safety of PAE [12, 14—20]. These studies had the limitations 
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Table 6.1 Summary data highlighting key information from the representative review of the 
literature on PAE presented in this chapter 


Number of | Technical success rate 

PAE (bilateral+unilateral PAE | Clinical | Mean change in 
Study patients | success rate) success | IPSS 
Gao et al. (PAE vs. | 57 84.2 (94.7%) 90.6% —11.9 
TURP) [21] 
Russo et al. (PAE 80 N/A N/A —13.6 
vs. OP) [22] 
Carnevale et al. 30 9396 (10096) 93.3% —12.5 (following 
(oPAE vs. pPAE vs. oPAE) -21 
TURP) [23] (following pPAE) 
Ray et al. (PAE vs. | 216 N/A 80.1% —10.9 
TURP) [24] | 
Abt et al. (PAE vs. 48 75% (100%) N/A —9.2 
TURP) [25] 
Pisco et al. (single | 630 92.6 (98.1%) 716.396 —13.7 
arm) [16] 
Cizman et al. 562 85% (96.7%) 87.7% —14.6 
(meta-analysis) [18] 


Procedure considered technically successful if bilateral PAE could be performed. Unilateral and 
bilateral PAE success rates reported in parentheses. Clinical success was defined by the various 
study protocols. Mean change in IPSS reported based on 12-month follow-up data, with the excep- 
tion of Abt and colleagues, which only reported follow-up data up to 12 weeks after the procedure 


of small sample sizes, short follow-up intervals, and lack of comparative data evalu- 
ating PAE with more traditional treatment options. 

In the following section, data are presented from selected comparative trials in 
the literature, as well as data from a systematic review and a large single-arm study 
with long-term follow-up data [16, 18, 21—25]. Table 6.1 summarizes the technical 
and clinical success rates of PAE as well as its effect on the International Prostate 
Symptom Score (IPSS) as reported in these studies. Table 6.2 summarizes the 
adverse events reported in these studies. 

The first prospective randomized controlled trial (RCT) comparing PAE with 
transurethral resection of the prostate (TURP) was published in 2014 [21]. Although 
criticized for its methodology in reporting adverse events, this study is still consid- 
ered to be one of the finest comparative PAE trials [26]. A total of 114 patients were 
randomized to either PAE (n = 57) or TURP (n = 57) arm, with a follow-up period 
of up to 24 months. There was no significant difference in the baseline characteris- 
tics of the two patient groups. The procedure was considered technically successful 
in 54/57 patients (94.7%) undergoing PAE and in 57/57 patients (100%) undergoing 
TURP. 48/57 (84.2%) had bilateral PAE, while 6/57 (10.5%) had unilateral PAE. Five 
PAE patients were considered to have clinical failure, requiring further intervention 
(9.4%), while clinical failure was also reported in two TURP patients (3.8%). In 
terms of outcomes, both groups demonstrated significant improvement in IPSS, 
quality of life (QOL) scores, and PVR after the procedure. Patients in the TURP 
group had greater symptomatic improvement at | and 3 months. However, from 6 to 
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Table 6.2 Major and minor complications as reported in the various studies presented in this 


chapter 
Gao Russo | Carnevale Pisco Cizman 
et al. et al. et al. Ray et al. et al. et al. 
(n-257)|(n280)|(n230) | (n=216) | Abt etal. (n = 630) | (n = 562) 
Complications | [21] [22] [23] [24] (n = 48) [25] | [16] [18] 
Minor 22 7 9 133 34 555 200 
complications 
(Clavien grade 
I/II or SIR 
grade A/B) 
Acute urinary | 14 0 0 0 1 11 51 
retention 
Hematuria 0 0 2 37 4 48 25 
Hematospermia | 0 1 2 25 0 46 23 
Transient rectal | 0 0 2 0 0 34 17 
bleeding 
Urethral 0 0 0 0 0 297 19 
burning/ 
frequency 
UTI 1 1 0 10 10 27 6 
Other 7 5 3 61 19 92 59 
Major 8 0 0 0 2 2 1 
complications 
(Clavien grade 
III and above or 
SIR grade C 
and above) 
Bladder 0 0 0 0 1 1 1 
ischemia 
requiring 
resection due to 
nontarget 
embolization 
Persistent 0 0 0 0 0 1 0 
perineal pain 
Technical/ 8 N/A N/A N/A N/A N/A N/A 
clinical failures 
Others 0 0 0 0 1 (unknown) 0 0 


Complications were graded according to the study protocol using either the Clavien classification 
system or SIR classification system. Note several factors affect the variable complication rates 
described, as noted in the text 


24 months, there was no statistically significant difference. Patients undergoing 
TURP had greater decrease in prostate-specific antigen (PSA) levels and PV com- 
pared to patients undergoing PAE at all time points (at 24 months, PSA 1.7 in TURP 
arm vs 2.1 in PAE arm and PV 26.6 in TURP arm vs 34.9 in PAE arm). Patients 
undergoing PAE were less likely to be admitted to the hospital and had shorter 
duration of stay if they were admitted. Additionally, fewer PAE patients required 
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postoperative urethral catheterization, and TURP patients were more likely to have 
a drop in hemoglobin and sodium levels after the procedure. Patients undergoing 
TURP (29.896) were noted to have fewer major and minor adverse events compared 
to PAE (52.696). However, the eight technical and clinical failures accounted for all 
the major complications in PAE group, all related to difficult anatomy and aberrant 
vascular supply to the prostate. These are typically not classified as complications in 
most studies [26]. The vast majority of minor complications in the PAE group were 
due to acute urinary retention and post-embolization syndrome [21]. 

Another prospective study published in 2015 compared PAE with open prosta- 
tectomy (OP) using matched pair analysis [22]. The study compared 80 patients 
undergoing PAE with 80 patients undergoing OP, all of whom had PV >80 cm’. At 
12-month follow-up, both groups had improvement in clinical parameters, with no 
patient in either group requiring reoperation. The OP group had significantly lower 
IPSS (4.3) compared to PAE patients (10.4) at 12 months. OP was also associated 
with lower PVR and PSA levels, with increase in peak flow rates. However, OP also 
had a greater rate of adverse events (31.3%) compared to PAE (8.8%), including 
major complications (3.8% to 0%). Additionally, patients undergoing PAE had bet- 
ter post-procedural sexual function compared to OP patients [22]. PAE patients also 
had shorter duration of hospitalization and catheterization and higher postoperative 
hemoglobin levels. The study added to the body of literature supporting the safety 
and efficacy of PAE in patients with large prostates (>80 cm?) [20, 27, 28]. 

In 2016, a prospective study was published comparing PAE with TURP. Initially, 
30 patients were randomized to TURP (n = 15) or the PAE (n = 15). Later, an addi- 
tional cohort of 15 patients underwent PAE with a refined technique called 
"PErFecTED" (proximal embolization first then embolize distal) [23]. The tech- 
nique was first described in 2014 and felt to lead to greater ischemia and infarction 
of the prostate [29]. As a result, better clinical outcomes have also been reported 
[30]. All “PErFecTED” PAE (pPAE) patients and 13/15 original technique PAE 
(oPAE) patients were considered technically successful, defined as bilateral embo- 
lization. 2/15 (13.396) in the oPAE group received unilateral embolization due to 
severe atherosclerosis. All TURP and pPAE patients were considered to have clini- 
cal success, while two of the oPAE patients had symptom recurrence, possibly 
related to bladder hypocontractility. At 12-month follow-up, all three arms demon- 
strated significant improvement in IPSS and QOL scores and a decrease in mean 
PV. TURP and pPAE patients had significant improvement in IPSS compared to 
oPAE patients, but these scores were not significantly different between TURP and 
pPAE patients. Mean QOL scores were significantly improved and mean PV was 
significantly lower in TURP patients compared to both PAE arms. These parameters 
were not significantly different between the oPAE and pPAE groups. Few adverse 
events were noted in both PAE groups, all of which were transient and minor. All 
TURP patients (100%) experienced retrograde ejaculation and 4/15 (26.7%) expe- 
rienced early urinary incontinence. Additionally, 2/15 TURP patients (13.396) expe- 
rienced major complications: one had intraoperative prostatic capsule rupture, and 
one required readmission for bladder catheterization and temporary irrigation due to 
hematuria. The authors concluded that TURP and pPAE provide similar symptom 
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improvement, with TURP being associated with better urodynamic results, but also 
more adverse events and required hospitalization after the procedure [23]. 

The largest comparative study to date is a registry compiled in the United 
Kingdom (UK) that compared PAE to TURP, published in 2018 [24]. The registry 
included data from 305 patients—216 patients who underwent PAE and 89 patients 
who underwent TURP—with follow-up data for up to 1 year. Although this was not 
a randomized controlled trial and had limited response rates for some of the follow- 
up data, it did provide multicenter observational data in a more "real-world" setting 
with a large number of participants. While technical success rates were not included, 
the authors did report that 11/216 PAE (5.1%) patients required reoperation within 
12 months, with an additional 32 awaiting reoperation after 12-month follow-up for 
a total clinical success rate of 80.1%, compared to 94.4% for TURP. At 12-month 
follow-up, both groups had improvements in key urological measurements, with 
PAE having mean decrease in IPSS and QOL scores of 10.9 and 2.6, respectively, 
compared to 15.2 and 3.4 for TURP. Non-inferiority analysis using matched pairs 
for these two parameters showed no evidence of non-inferiority of PAE compared 
to TURP. However, there was a low rate of significant complications again noted 
following PAE, with no Clavien grade 3 or higher complications reported. Four 
cases had groin hematomas (1.996), with one patient requiring transfusion, and one 
patient developed sepsis requiring antibiotics (0.596). Additionally, four patients 
had local arterial dissection (1.996) requiring no specific treatment, and two patients 
had minor sequela of nontarget embolization (0.996) with penile ulcers that resolved 
within 6 weeks. The most common complications following PAE were transient 
hematuria (18.6%) and hematospermia (12.6%). While 24.1% reported retrograde 
ejaculation, the authors note many of these patients had developed this prior to the 
PAE procedure and this likely does not reflect the true complication rate for the 
procedure. The authors concluded that while PAE was not seen to be non-inferior to 
TURP in IPSS improvement, it is a safe and efficacious procedure with other ben- 
efits, including shorter length of stay, quicker return to normal activities, and reduc- 
tion in some adverse effects. With appropriate patient selection, it offers a role for 
many patients who can benefit significantly [24]. This study led to the National 
Institute for Health and Care Excellence in the UK to recommend PAE as standard 
of care for BPH. 

The latest comparative study published in 2018 was an RCT analyzing 99 
patients, 48 undergoing PAE and 51 undergoing TURP [25]. Bilateral PAE was 
performed in 36 patients (7596), with the remaining 12 undergoing unilateral 
PAE. Follow-up was obtained up to 12 weeks after the procedure, with the primary 
endpoint looking to assess decrease in IPSS between the two groups at that point. 
Both groups showed similar mean change in IPSS at 12 weeks (9.23 for PAE and 
10.77 for TURP). However, non-inferiority for PAE, defined as a difference of less 
than three points between the two groups, could not be shown due to the larger than 
expected standard deviation in the IPSS results. Similar changes were also observed 
between the groups for other patient-reported outcomes, such as changes in QOL 
scores, chronic prostatitis symptom index, and international index of erectile func- 
tion. However, functional outcomes, such as PVs, PVRs, PSA levels, and peak flow 
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rates, were shown to have greater improvement in TURP patients compared to PAE 
patients. As with other studies, PAE patients had shorter duration of hospitalization, 
less blood loss, and shorter duration of catheterization. PAE patients also had fewer 
adverse events (36 compared to 70 in the TURP group), including fewer serious 
adverse events (2/48 vs 7/51 Clavien grade 3 or higher complications). Additionally, 
they noted 5696 (14/25) of the patients assessed demonstrated ejaculatory dysfunc- 
tion in the PAE group, compared to 84% in the TURP group. The authors note that 
although non-inferiority for PAE in terms of decrease in IPSS could not be demon- 
strated, patient-reported outcomes were similar with fewer adverse events in the 
PAE group. As a result, PAE should be considered in patients indicated for surgery 
based primarily on symptoms. However, TURP may be preferred if there are severe 
complications related to bladder outlet obstruction from BPH due to the greater 
improvement in functional outcomes. The short-term follow-up was noted to be a 
key limitation in determining the durability of PAE, with follow-up studies planned 
for this cohort [25]. 

In addition to these comparative studies, numerous single-arm studies have also 
been published that support the use of PAE [13—17, 27, 28]. One of the largest was 
published in 2016, evaluating 630 patients with BPH who underwent PAE, with 
follow-up obtained for up to 6.5 years [16]. Either unilateral or bilateral PAE was 
successful in 618 (98.1%) of patients with technical failures related to tortuosity and 
atherosclerosis of the iliac and prostatic arteries. Bilateral PAE was performed in 
92.696 of patients and unilateral PAE was performed in 7.496. Patients demonstrated 
an improvement in IPSS, QOL scores, PVR, and peak flow rates with a reduction in 
PVs and PSA levels. At 3-year follow-up, 80.8% of patients demonstrated clinical 
success. At 6.5-year follow-up, 76.3% of patients demonstrated clinical success. 
The vast majority of clinical failures were evident within the first year (85/102, 
82.5%). Adverse events were typically mild. Two major complications were identi- 
fied (0.3%). The first case involved bladder wall ischemia related to nontarget 
embolization requiring surgical treatment, and the second case involved a patient 
experiencing persistent perineal pain lasting for 3 months. The most common minor 
complications included transient dysuria (24.1%), urinary frequency (23.0%), and 
obstipation (13.3%). Additional complications seen in less than 10% of patients 
included hematuria, hematospermia, rectal bleeding, urinary tract infection (UTI) 
requiring antibiotics, acute urinary retention requiring bladder catheterization, 
inguinal hematoma, and balanitis [16]. 

Several meta-analyses/systematic reviews have been performed aggregating 
published data from various single and double arm studies evaluating PAE [18, 19, 
31-34]. A meta-analysis published in 2016 evaluated a total of 562 patients that 
underwent PAE [18]. Technical success (defined as bilateral PAE) was seen in 85% 
cases, with an additional 11.7% of patients undergoing unilateral embolization. 
Embolization could not be performed in 3.2% of patients. Clinical failure, as defined 
by the various study authors, occurred in 70/562 patients (12%). Post-PAE out- 
comes data were also presented, comparing baseline data with 6- and 12-month 
follow-up data when available. Significant decreases in mean IPSS, QOL scores, 
PVR, PSA levels, and total PV were observed with associated increased peak flow 
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rates at both the 6- and 12-month post-procedure time points. Additionally, post- 
procedure complication rates were also described. There were 200 minor complica- 
tions observed (SIR grade A/B) and 1 major complication (SIR grade D, bladder 
ischemia requiring partial resection, described further in the study by Pisco and 
colleagues) [16]. The most common complication included acute urinary obstruc- 
tion requiring catheterization, self-limited pain, hematuria, and hematospermia 
[18]. Similar data have been published in various other meta-analyses and system- 
atic reviews, evaluating some of the same key studies [19, 20, 32-34]. However, 
analysis is somewhat limited by heterogenous study designs, lack of long-term fol- 
low-up data, and paucity of large comparative trials [12, 35—37]. 


Summary 


There have been numerous published studies demonstrating the clinical efficacy 
and safety of PAE in the treatment of BPH [16, 18, 21—25]. Mean decrease in IPSS 
has ranged from 9.2 to 21 points. Technical success rates for bilateral PAE ranged 
from 75 to 93%, with at least unilateral PAE possible in 94.7—10046 of cases. The 
vast majority of technical failures were due to extensive atherosclerosis and tortuous 
anatomy. Clinical success rates have ranged from 76.3—93.3%. One cohort has been 
followed longitudinally for up to 6.5 years after the procedure, while the majority of 
other studies have only reported follow-up data up to 24 months. With regard to 
adverse events, most of the complications were transient. Minor complication rates 
were relatively variable, likely related to different classifications and data collection 
methods (i.e., reporting transient post-procedural pain as a complication versus an 
expected side effect of the procedure, not reporting certain signs/symptoms). When 
excluding technical or clinical failure, which was only classified as a complication 
by Gao and colleagues, major complication rates are low (<1%) when excluding 
repetitive reporting of the same bladder ischemia complication in multiple studies 
[16, 18, 21-25]. 


Conclusion 


It is evident that PAE is successful in improving objective and subjective urologic 
measurements in patients with symptoms related to BPH, including decreases in 
IPSS, QOL scores, total PVs, PSA levels, and PVR, with increased peak flow rates 
[12, 16, 18, 21—25]. Additionally, the rate of major complication is very low. The data 
comparing PAE to surgical alternatives such as TURP and OP are limited by a variety 
of factors, and PAE has not been shown to be non-inferior and is unlikely to replace 
these as the gold standard procedure for BPH [21-25]. However, PAE offers multiple 
advantages when compared to these therapies. It is a minimally invasive procedure 
with a significantly shorter length of hospital stay, with earlier return to normal 
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activities and fewer serious complications. PAE may also be less expensive compared 
to standard surgical treatment [38]. It can better preserve sexual function, which is 
frequently affected with the standard surgical therapies [12]. As demonstrated in sev- 
eral studies, PAE can also be performed safely and effectively on patients with very 
large prostates [22, 27, 28]. 


Future Directions 


As noted above, the current literature is limited by variable study designs, some of 
which have significant limitations and small sample sizes. Also, with newer tech- 
niques and better pre-procedural patient selection, future studies will likely yield 
improved efficacy and safety profiles compared to the current literature [30, 39]. 
Additionally, few studies have reported long-term follow-up data. Finally, newer 
urologic procedures are also being investigated that are less invasive than TURP/OP 
with lower morbidity, such as prostatic urethral lift and transurethral water vapor 
thermal ablation [40]. Studies comparing PAE with these newer techniques or even 
medical therapy would also be beneficial in identifying the role PAE can play in the 
treatment of the patient with LUTS related to BPH. 
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Chapter 7 A 
Arterial Anatomy for Prostatic Artery ges 
Embolization 


Mohammed M. Hoque, Kent Andrew Cabatingan, Sameer Mittal, 
Andrew Picel, and Ari J. Isaacson 


Introduction 


One of the challenges of prostatic artery embolization is identifying the origins of 
the prostatic arteries and recognizing collateral vasculature. While there is no con- 
sensus among previous publications regarding the most common site of prostatic 
artery origin, there is agreement that the prostatic artery can arise from any of the 
internal iliac artery branches and occasionally elsewhere. 


Internal Iliac Artery Anatomy 


It is useful to review the basic anatomy of the internal iliac arteries before study- 
ing the prostatic arteries in detail. Most commonly, the internal iliac artery—also 
known as the hypogastric artery—is characterized as having posterior and anterior 
divisions. The posterior division commonly includes the superior gluteal artery, 
the iliolumbar artery, and the lateral sacral artery. The larger branches of the ante- 
rior division are most commonly the inferior gluteal artery, the internal pudendal 
artery, and the obturator artery (Fig. 7.1). Common variants include the inferior 
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gluteal artery and/or the obturator artery arising from the posterior division 
(Fig. 7.2) [1, 2]. 

Because the prostatic artery arises from the anterior division the vast majority of 
the time, it is important to be very familiar with the other anterior division branches 


Fig.7.1 Angiogram with parent catheter in the internal iliac artery. The superior gluteal artery (sg) 
is part of the posterior division of the internal iliac artery. The anterior division of the internal iliac 
artery consists of the inferior gluteal artery (ig) and internal pudendal artery (ip). The obturator 
artery (oa) arises from the mid-inferior gluteal artery (ig). The prostatic artery (pa) and superior 
vesicle artery (sva) arise from a common trunk off the proximal anterior division 
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Fig. 7.2 Variant anatomy. The inferior gluteal (ig) artery arising from the superior gluteal artery 
(sg). The obturator artery (0) is a branch of the posterior division of the internal iliac artery, which 
is a normal variant 


and their appearance on angiography. The largest caliber branch from the anterior 
division tends to be the inferior gluteal artery. It courses inferolaterally and terminat- 
ing in numerous small muscular branches. On ipsilateral oblique angiography, the 
internal pudendal artery can easily be identified because, in its proximal segment, it 
courses in parallel to the inferior gluteal artery before making a sharp turn anteriorly 
along the pelvic floor toward the penis [3-5]. Most commonly, the internal pudendal 
artery is of smaller caliber compared to the inferior gluteal artery. Branches supplying 
the rectum are often seen arising from the mid to distal internal pudendal artery. These 
branches can be called the middle or inferior rectal arteries and sometimes supply the 
capsule and inferior aspect of the prostate. At its most distal segment, the internal 
pudendal artery gives off a scrotal branch and then terminates in several penile 
branches including the bulbar artery, dorsal penile artery, and cavernosal artery [6, 7]. 

The obturator artery origin is variable arising from the anterior division, from the 
posterior division, or, in a third of patients, from the external iliac artery or the 
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inferior epigastric artery. The latter variant is also called the “corona mortis.” On 
cross-sectional imaging, it can be seen coursing through the pelvic foramen for 
which it is named. Distally, it often gives rise to a medially coursing retropubic 
branch. The terminal internal and external muscular branches have a characteristic 
angiographic appearance similar to that of a “wishbone” [7, 8]. 

The smaller branches of the anterior division can be complicated on angiog- 
raphy and a solid understanding of the course of these vessels is important to 
prevent nontarget embolization. In nearly every patient, the most proximal 
branch of the anterior division is a small trunk that includes a branch with a 
straight anterior course. This is the common trunk of the umbilical and superior 
vesical arteries that supplies the top of the dome of the bladder [4]. From this 
same trunk, an additional more tortuous branch is often seen coursing inferiorly 
toward the seminal vesicle [4, 9]. Sometimes the inferior vesical artery also 
arises from this trunk. This artery also supplies the prostate and is the target for 
PAE. Additional branches from this vesicoprostatic trunk may be present and 
are variable in course. 


Prostatic Artery Origin Classification 


Carnevale and colleagues described a classification system in which the origin of 
the prostatic artery is divided into five types (Table 7.1) [8, 10]. The type I origin 
arises proximally on the anterior division from a common trunk with the superior 
vesical artery. This is also known as a vesicoprostatic trunk (Fig. 7.3). A type II 
pattern is characterized by the prostatic artery arising from the anterior division of 
the internal iliac artery, independent from the superior vesical artery (Fig. 7.4). The 
type III pattern is characterized by the prostatic artery arising from the obturator 
artery (Fig. 7.5). The type IV pattern is characterized by the prostatic artery 


Table 7.1 Carnivale classification system: origins of the prostatic artery 


Classification | Origin 


Carnivale 1 | Vesicoprostatic trunk 


Carnivale 2 | Anterior division of internal iliac artery, independent from superior vesical artery 


Carnivale 3 | Obturator artery 


Carnivale 4 | Proximal internal pudendal artery 


Carnivale 5 | Any other origins 
Data from Refs. [8, 10] 
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Fig. 7.3 DSA with parent catheter in right internal iliac artery. The prostatic artery arises from a 
vesicoprostatic trunk, consistent with a Carnivale type | configuration. The vesicoprostatic trunk 
gives off a superior vesical artery (sv) and a prostatic artery (p) 


originating from the proximal internal pudendal artery (Fig. 7.6). Type V patterns 
are characterized by prostatic artery origins that cannot be categorized into types 
I-IV (Fig. 7.7a, b). This includes superior gluteal artery, superior vesical, or infe- 
rior epigastric origins. Often, these unusual origins are seen because the original 
prostatic branch is occluded due to atherosclerotic disease [10]. 
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Fig. 7.4 DSA with parent catheter in the left internal iliac artery. The prostatic artery (p) arises 
from the anterior division trunk distal to the superior vesical artery (sv) consistent with a Carnivale 
type 2 configuration 


Conclusion 


Identifying the origins of the prostatic arteries remains one of the biggest challenges 
of performing PAE. The prostatic artery can arise from any of the branches of the 
internal iliac artery and occasionally the external iliac artery. Becoming familiar 
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Fig. 7.5 Carnivale 3. DSA with parent catheter in right internal iliac artery. The prostatic artery 
(p) arises from the obturator artery (0), consistent with a Carnivale type 3 configuration. Note the 
characteristic wishbone appearance of the terminal branches of the obturator artery 
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Fig. 7.6 DSA with parent catheter in right internal iliac artery. The prostatic artery (p) arises from 
the superior 2/3 of the internal pudendal artery (ip), which is consistent with a type 4 Carnivale 
configuration 
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Fig. 7.7 (a) Angiogram with parent catheter in the external iliac artery. The inferior epigastric 
artery (ie) and accessory obturator artery (ao) arise from a common trunk. The branch point is 
demarcated by an asterisk. The prostatic artery (pa) arises from the accessory obturator artery. (b) 
Selective angiogram of the accessory obturator artery (ao) demonstrating the origin and course of 
the prostatic artery (pa) 


with the pelvic arterial anatomy and the typical locations of the prostatic artery 
origin is an important step toward performing successful PAE. 
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Chapter 8 A 
Patient Selection for Prostatic Artery imm 
Embolization 


Kavi K. Devulapalli, Charles W. Nutting, and Ari J. Isaacson 


Introduction 


Appropriate patient evaluation and selection are essential in the treatment of patients 
with benign prostatic hyperplasia. Various factors should be considered prior to 
prostatic artery embolization including symptom severity, prostate medication 
history, anatomic considerations, urodynamic testing, comorbid conditions, prior 
interventions, and patient preference. 


Symptom Evaluation 


The first consideration in deciding if a patient is appropriate for PAE is the severity 
of BPH symptoms. Lower urinary tract symptoms (LUTS) can be caused by bladder 
outlet obstruction associated with BPH. LUTS are related to problems with bladder 
storage (irritative symptoms) or bladder emptying (obstructive symptoms). Voiding 
problems include urinary hesitancy, weak stream, diminished stream caliber, uri- 
nary retention, and frequent stopping and starting of urination. Storage problems 
include frequency, urgency, urge incontinence, and nocturia. 

Severity of LUTS is most easily measured using the International Prostate 
Symptom Score (IPSS) validated questionnaire [1]. The IPSS consists of 7 ques- 
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THE AUA SYMPTOM INDEX 


Less than 1| Less than | About half | More than | Almost 


Not at all time in5 |halfthe time} the time |halfthetime| always 


1. Over the past month, how often 
have you had a sensation of not 0 1 2 3 4 5 
emptying your bladder completely 
after you finished urinating? 


2. Over the past month, how often 
have you had to urinate again less 0 1 2 3 4 5 
than two hours after you finished 
urinating? 


3. Over the past month, how often 
have you found you stopped and 0 1 2 3 4 5 
started again several times when 
you urinated? 


4. Over the past month, how often 
have you found it difficult to 0 1 2 3 4 5 
postpone urination? 


5. Over the past month, how often 
have you had a weak urinary 0 1 2 3 4 5 
stream? 


6. Over the past month, how often 
have you had to push or strain to 0 1 2 3 4 5 
begin urination? 


5 or more 


None 1 time 2 times 3 times 4 times : 
times 


7. Over the past month, how many 
times did you most typically get up 
to urinate from the time you went to 0 1 2 3 4 5 
bed at night until the time you got 
up in the morning? 


Total I-PSS Score S = 


QUALITY OF LIFE DUE TO URINARY SYMPTOMS 


Mixed about 
" Mostly equally Mostly T 
Delighted | Pleased satisfied | satisfied and | dissatisfied Unhappy | Terrible 
dissatisfied 


1. If you were to spend the rest of 
your life with your urinary 0 1 2 3 4 5 6 
condition just the way it is now, 
how would you feel about that? 


Quality of life assessment index L = 


Fig. 8.1 Questionnaire that is used to determine a patient's International Prostate Symptom Score 
(I-PSS) and quality of life (QoL) score (used with permission of Elsevier and the Journal of 
Urology. The original version of this questionnaire first appeared in Barry et al. [1]) 


tions (Fig. 8.1). Each question, which is scored from 0 to 5, addresses the following 
symptoms: incomplete emptying, micturition frequency, intermittence, urgency, 
weak urinary stream, straining and nocturia. Patients are then classified as “mildly 
symptomatic" (score 0-7), “moderately symptomatic" (score 8-19), or "severely 
symptomatic" (score 20—35). An eighth question pertains to Quality of Life (QoL) 
related to LUTS which ranges from 0 to 6 (“Delighted to Terrible"). 

Additionally, it is important to evaluate erectile function since erectile dysfunc- 
tion often coexists with BPH and can worsen with prostatic medication. A com- 
monly used questionnaire is the IIEF (International Index of Erectile Function) [2]. 
Erectile function can be evaluated before and after treatment to assess for any 
treatment-related change. 
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Prostatic artery embolization can also be an important treatment option for those 
patients with catheter dependent urinary retention secondary to BPH [3]. A full 
history should be ascertained to establish possible neurogenic causes of urinary 
retention. If there is uncertainty, urodynamic testing should be performed. 


Prostatic Medication History 


When considering patients for prostatic artery embolization, it is important to 
determine prior prostate medication use. Medical therapy is the first-line treatment 
for patients with symptomatic BPH with an impact on quality of life. The two com- 
monly used classes of medications include selective alpha-blockers and 5-alpha 
reductase inhibitors. 

Selective alpha-blockers work by mediating smooth muscle relaxation in the 
bladder and prostate stroma. Commonly used daily medications include alfuzosin 
(10 mg), tamsulosin (0.4 mg), and doxazosin (4 mg). These medications can be 
associated with side-effects related to vasodilation including orthostatic hypoten- 
sion, fatigue, headache, dizziness, nasal congestion, and somnolence. Additionally, 
alpha-blockers can be associated with ejaculatory failure. 

5-alpha-reductase inhibitors inhibit the conversion of testosterone to di- 
hydrotestosterone (DHT) which in turn mediates a decrease in prostate size. Prostate 
gland reduction of up to 3096 may be seen, but this class of medication may take up 
to 6 months to improve symptoms. Commonly used 5-alpha-reductase inhibitors 
include finasteride (5 mg) and dutasteride (0.5 mg). The main limitations in the use 
of these medications are sexual side-effects including erectile dysfunction, impo- 
tence, decreased ejaculate, and decreased libido [4]. 

BPH may also be treated with phosphodiesterase type 5 inhibitors, a class of 
medications historically used to treat erectile dysfunction (ED). Specifically, daily 
tadalafil (5 mg) has been approved for the treatment of BPH in patients both with 
and without erectile dysfunction. Common pathophysiologic pathways between ED 
and BPH have not been fully elucidated, but tadalafil has been shown to be clini- 
cally efficacious in the treatment of both ED and BPH in four randomized con- 
trolled trials. Common side effects include headache, dyspepsia, nasal congestion, 
flushing, and back pain [5]. 

Patients who have either failed to experience significant symptomatic improve- 
ment with medications or who are unable to tolerate prostate medications secondary 
to side effects may be considered for prostatic artery embolization. 


Prostate Anatomy 


Anatomic information regarding verification of BPH and prostate gland size estima- 
tion should be performed prior to prostatic artery embolization. It is important to 
make sure LUTS are secondary to BPH and not other causes of obstruction. 
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Furthermore, size estimation can help in patient selection. While PAE may be suc- 
cessful in any prostate that is enlarged (>30 g), it may be technically easier and have 
a higher rate of success easier to perform in patients with larger prostates (>80 g) 
[6—8]. 

Prostate volume is initially assessed via digital rectal exam (DRE). DRE may 
demonstrate findings suspicious for prostate cancer which may guide biopsy. 
A prostate is considered enlarged if it is greater than 30 g which roughly correlates 
to a greater than 2-finger-width diameter on DRE [9]. In patients with large pros- 
tates, DRE is an imprecise measurement of volume and transrectal ultrasound 
(TRUS) should be performed to more accurately assess the size of the prostate 
gland. Additionally, cross-sectional imaging including CT and MRI can be used to 
assess prostate size. However, these imaging modalities are generally not part of the 
initial evaluation of BPH. 

Serum prostate specific antigen (PSA) is an important laboratory parameter 
that has excellent correlation with prostate size and helps guide need for pros- 
tate biopsy. Generally, tPSA «2 ng/mL indicates a low risk of prostate cancer 
and no further investigation is necessary. For those patients with tPSA>2 ng/ 
mL, or a rise in PSA of more than 0.75 ng/mL/year, further investigation is 
required including calculation of free PSA (fPSA) and possible biopsy. The 
main limitation with PSA as a serum marker is its specificity. For example, 15% 
of patients with a tPSA under 4 ng/mL with a normal DRE may have prostate 
cancer [10]. 


Cystoscopy 


Cystoscopy may be considered as an optional part of the pre-procedural evaluation 
for PAE. Specifically, cystoscopy may provide useful information regarding the 
presence of bladder stones or diverticula which may preclude PAE. Bladder abnor- 
malities may be further investigated with biopsy to evaluate for the presence of 
malignancy. Finally, cystoscopy may provide additional information regarding 
prostate morphology. 


Uroflowmetry Testing 


Urodynamic testing is an interactive diagnostic study of the lower urinary tract 
which provides functional information regarding bladder filling, storage, and emp- 
tying. Testing includes both noninvasive and invasive evaluations which can be per- 
formed independently or together. The main aim of urodynamic testing is to 
distinguish BPH from other causes of LUTS. Furthermore, urodynamic testing can 
provide information regarding bladder storage and emptying which can help predict 
treatment success [11]. 
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Noninvasive urodynamic studies include uroflowmetry and postvoid residual 
(PVR) measurements. Uroflowmetry measures urine rate over time with captured 
variables during testing including maximum flow rate (Qmax), average flow 
rate, voided volume, flow time and time to maximum flow. Since bladder vol- 
ume has a substantial impact on flow rate, Qmax values tend to be more reliable 
if voided volume is greater than 150 mL [12-14]. A normal flow curve is bell- 
shaped with Qmax being achieved within the first 3096 of the curve or 5 seconds 
from initiation of voiding [15]. Patients with bladder outlet obstruction have 
flattened or plateau shaped curves. Additionally, interrupted patterns can be seen 
with abdominal straining or variations in detrusor contractility. When Qmax is 
below 12 ml/s, the etiology of obstruction is generally BPH [16]. PVR of greater 
than 200 mL or Qmax greater than 12-15 ml/s may require invasive urodynamic 
studies to further evaluate bladder dysfunction [17]. (See Fig. 2.1 in Chap. 2.) 


Comorbid Conditions 


A full medical history should be performed prior to considering a patient for pros- 
tatic artery embolization. In particular, information regarding cardiovascular health 
is paramount given the implications for successful embolization. History of and risk 
factors for atherosclerosis should be ascertained. Older age, hypertension, and ath- 
erosclerosis are associated with tortuous pelvic vasculature which increases the 
technical difficulty of PAE. Furthermore, atherosclerosis results in narrowing of the 
origin of pelvic vessels which may also increase the difficulty in prostate artery 
catheterization. History of reported aortic or lower extremity arterial interventions 
may necessitate further pre-procedural cross-sectional imaging to better assess the 
anatomic feasibility of PAE. 

History of prior bladder or urethral pathology is also important to determine prior 
to proceeding with the procedure. Patients with histories of bladder atonia, neuro- 
genic bladder disorder, urethral stricture, sphincter abnormalities, bladder divertic- 
ula or stones, or chronic renal failure may not be appropriate candidates for PAE. 


Arterial Access Considerations 


Both the common femoral and radial arteries are viable access sites when for per- 
forming PAE. Both sites offer relative advantages and disadvantages; however, 
choice of access should be based on patient-specific factors. The most important 
consideration is patient height. For those patients above a height of five feet and 
eleven inches, current catheter lengths may preclude successful prostate artery cath- 
eterization from a radial approach. This may be offset to a certain degree by access- 
ing the radial artery more proximal than the usual location approximately 2 cm from 
the radial styloid process. 
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Tortuosity of pelvic vasculature and prior aortic surgery should also impact arte- 
rial access. Those patients with severely tortuous iliac arteries may be better served 
from a radial approach, or may require bilateral common femoral access. Surgical 
history may also preclude one or more access sites, such as prior aortic stenting or 
bypass graft [18]. 

Finally, history of coagulopathy should be ascertained. However, patients with 
coagulopathy or who are taking anticoagulation or antiplatelet medication that can- 
not be discontinued should not be excluded from PAE as a radial approach can be 
utilized with minimal bleeding risk. 


Patient Preference 


Patient preference should be kept at the forefront prior to considering prostatic 
artery embolization. While there are several minimally invasive procedures for 
BPH, there are advantages and disadvantages to each procedure which should be 
discussed with patients. Relative benefits of PAE compared to TURP include its 
minimally invasive nature, the ability to perform PAE without hospitalization or 
general anesthesia and the rarity of resulting ejaculatory disorders. Disadvantages 
include delayed improvement in symptoms compared to TURP and higher rate of 
clinical failure. Some patients will prefer immediate relief from their LUTS and 
may opt for a definitive surgical procedure whereas other patients may prefer the 
advantages of a PAE. It is important to discuss the risks and benefits of each proce- 
dure to facilitate informed decision making. 


Review of Indications and Contraindications 


Indications for PAE include: 


* BPH and history of LUTS with at least moderate symptom severity 
e Catheter-dependent urinary retention secondary to BPH 
* Hematuria of prostatic origin 


Absolute contraindications include: 


* Bladder outlet obstruction due to bladder dysfunction or urethral stricture 
* Chronic renal failure 
* Active urinary tract infection 


Relative contraindications include: 


e Coagulopathy 
* Tortuous iliac vessels 
* Severe aortoiliac atherosclerosis 


8 Patient Selection for Prostatic Artery Embolization 99 


References 


1. 


10. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


Barry MJ, Fowler FJ Jr, O'Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust WK, 
et al. The American Urological association symptom index for benign prostatic hyper- 
plasia. The Measurement Committee of the American Urological Association. J Urol. 
1992;148(5):1549—57. 


. Rosen RC, Cappelleri JC, Gendrano N 3rd. The International Index of Erectile Function 


(IEF): a state-of-the-science review. Int J Impot Res. 2002;14:226-44. 


. Yu SCH, Cho CCM, Hung EHY, Chiu PKF, Yee CH, Ng CF. Prostate artery embolization 


for complete urinary outflow obstruction due to benign prostatic hypertrophy. Cardiovasc 
Intervent Radiol. 2017;40(1):33-40. 


. Patel AK, Chapple CR. Benign prostatic hyperplasia: treatment in primary care. BMJ. 


2006;333:535-9. 


. Hatzimouratidis K. A review of the use of tadalafil in the treatment of benign prostatic hyper- 


plasia in men with and without erectile dysfunction. Ther Adv Urol. 2014;6(4):135-47. 


. Wang M, Guo L, Duan F, Yuan K, Zhang G, Li K, et al. Prostatic arterial embolization for the 


treatment of lower urinary tract symptoms caused by benign prostatic hyperplasia: a compara- 
tive study of medium- and large-volume prostates. BJU Int. 2016;117:155-64. 


. Maclean D, Harris M, Drake T, Maher B, Modi S, Dyer J, et al. Factors predicting a good 


symptomatic outcome after prostate artery embolisation (PAE). Cardiovasc Intervent Radiol. 
2018;41(8):1152-9. 


. Bagla S, Smirniotopoulos JB, Orlando JC, van Breda A, Vadlamudi V. Comparative analysis of 


prostate volume as a predictor of outcome in prostate artery embolization. J Vasc Interv Radiol. 
2015;26(12):1832-8. 


. Kaplan SA. Identification of the patient with enlarged prostate: diagnosis and guidelines for 


management. Osteopath Med Prim Care. 2007;1:11. 
Frydenberg M, Wijesinha S. Diagnosing prostate cancer—what GPs need to know. Aust Fam 
Physician. 2007;36:345-7. 


. Gomez C, Bhatia S, Carnevale FC, Narayanan G. Role of urodynamic studies in management 


of benign prostatic obstruction: a guide for interventional radiologists. J Vasc Interv Radiol. 
2017;28:126—33. 

Gratzke C, Bachmann A, Descazeaud A, Drake MJ, Madersbacher S, Mamoulakis C, et al. 
EAU guidelines on the assessment of non-neurogenic male lower urinary tract symptoms 
including benign prostatic obstruction. Eur Urol. 2015;67:1099-109. 

McVary KT, Roehrborn CG, Avins AL, Barry MJ, Bruskewitz RC, Donnell RF, et al. 
Update on AUA guideline on the management of benign prostatic hyperplasia. J Urol. 
2012;185:1793-803. 

Bates CP, Whiteside CG, Turner Warwick R. Synchronous urine pressure flow cystourethrog- 
raphy with special reference to stress and urge incontinence. Br J Urol. 1970;42:714. 

Abrams P. Urodynamic techniques. In: Urodynamics. 3rd ed. London: Springer; 2006. 
p. 17-116. 

Burnett AL, Wein AJ. Benign prostatic hyperplasia in primary care: what you need to know. J 
Urol. 2006;175:S 19-24. 

Pereira JA, Bilhim T, Duarte M, Rio Tinto H, Fernandes L, Martins Pisco J. Patient selection 
and counseling before prostatic arterial embolization. Tech Vasc Interv Radiol. 2012;15:270-S. 
Kim JI, Dixon RG, Isaacson AI. Translgluteal prostatic artery enmbolization. J Vasc Interv 
Radiol. 2016;29(1):90-1. 


Chapter 9 A 
Preprocedural Imaging for Prostatic gete 
Artery Embolization 


Jeffrey Hamilton Howe and Ari J. Isaacson 


Anatomy and Approach 


The prostatic arteries (PAs) originate from the anterior division of the internal iliac 
artery and their origin can be from any branch. Typically, there are two PAs on each 
side, and they are not necessarily symmetric. The arterial supply to the central por- 
tion of the prostate is called the anterior/lateral prostatic artery (ALPA or the infe- 
rior vesical artery). The central portion of the prostate is most affected by benign 
prostatic hyperplasia (BPH). Additionally, there is a posterior/lateral prostatic artery 
(PLPA) also known as the middle rectal artery. Most commonly, the PLPA arises 
from the internal pudendal artery and supplies the prostatic capsule and the most 
inferior portion of the prostate gland before giving off branches to the rectum 
(Fig. 9.la, b). One of the main objectives of preprocedural cross-sectional imaging 
is to define the exact origins of the ALPA and PLPA. Additionally, the diameter of 
the arteries can also be assessed, which may range from 1.3 mm to 1.9 mm, depend- 
ing on whether there is a common trunk of the ALPA and PLPA [1]. Of note, the 
prostate is rarely supplied by an aberrant obturator artery originating from either the 
inferior epigastric artery or the common femoral artery. Prostatic arteries commonly 
anastomose with branches supplying the penis and rectum [2]. If the anastomosing 
vessels are large, they may be seen on preprocedural imaging, allowing for planning 
of management. 

There are other factors — in addition to the origin of the prostatic arteries — that 
need to be considered. Arterial tortuosity and angulation as well as the presence of 
stenoses should be evaluated prior to the procedure [1]. This information allows the 
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(V. 


Fig.9.1 (a) Axial maximum intensity projection computed tomography angiography (MIP CTA) 
demonstrates anterior/lateral (white arrows) and posterior/lateral (black arrows) prostatic arteries. 
(b) Coronal MIP CTA demonstrates the origin (white circle) of the left prostatic arteries (white 
arrows), in this case arising from the left internal pudendal artery. (Both: Used with permission of 
Thieme Medical from Isaacson and Burke [1]: 225) 


operator to determine the access site that will provide the highest chance of techni- 
cal success and also allows for planning to have special equipment available (e.g., 
catheters, sheaths, guide wires, etc.). 


Prostate Size 


With both CTA and MRI, the baseline prostate volume can be obtained. This pre- 
procedural volume can then be used for postprocedural comparison. Most com- 
monly, the ellipsoid formula is used (anterior-posterior diameter x cranial-caudal 
diameter x transverse diameter x pi/6); however, other formulas may be used. The 
ellipsoid formula may underestimate prostate volume in larger prostates [3]. 
Additionally, measuring prostate volume on CT may be more challenging than on 
MRI given the difficulty of differentiating the base of the prostate from the bladder 
wall. Given this challenge, it may be helpful to use delayed imaging on CTA to have 
improved contrast resolution [1]. 

Prostate volume may also be obtained by segmenting the prostate gland boundar- 
les on successive axial slices using post-processing software (Fig. 9.2) [1]. 

Of note, the degree of volumetric reduction does not correlate well with symp- 
tomatic improvement. However, observing little to no volumetric reduction along 
with absence of improving symptoms may suggest inadequate embolization [1]. 

Another calculation termed prostate zonal volumetry index (ZVi) may be better 
suited to correlate with symptomatic improvement. ZVi is defined as central gland 
volume (CG)/whole prostate volume (WP). A ZVi « 0.45 may relate to a less 
favorable outcome [4]. As discussed later, MRI may be better suited for obtaining 
prostate volume; however, this calculation is possible with both CTA and MRI. 
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Fig. 9.2 Multiplanar CTA images of the pelvis as well as 3D volume-rendered CTA images of the 
prostate with bones subtracted. The prostate was segmented using axial, coronal, and sagittal images 
from a delayed sequence with post-processing software (iNtution; TeraRecon, Foster City, CA, USA) 
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Computed Tomography Angiography (CTA) 


Preprocedural imaging for PAE is typically achieved with CTA. While MRI/MRA 
is also an option preprocedural imaging, CTA offers many clear advantages. First, 
both the duration of the scan and the overall cost with CTA is less than that of MRI/ 
MRA. CTA also offers superior spatial resolution compared to MRA. This factor 
becomes important when dealing with small caliber prostatic arteries (Fig. 9.3a—c). 


Fig. 9.3 (a) MIP CTA images from a left anterior oblique (LAO) orientation highlight challenging 
prostatic artery anatomy. In this case, there is a common trunk for the right anterior/lateral prostatic 
artery (white arrows), branches coursing to the bladder (white arrowheads), and seminal vesicle 
branch (black arrows). (b) MIP CTA images from a right anterior oblique (RAO) orientation show the 
right anterior/lateral prostatic artery (white arrows), which arises from the anterior division of the 
right internal iliac artery. A calcified plaque is noted at the ostium (black arrow) of the anterior/lateral 
prostatic artery. (c) LAO 3D volume-rendered CTA demonstrates an abdominal aortic aneurysm 
(white circle) proximal to the iliac bifurcation. Tortuosity of the right external iliac artery is also noted 
(white arrow). (All: Used with permission of Thieme Medical from Isaacson and Burke [1]: 226) 
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Magnetic Resonance Imaging and Magnetic Resonance 
Angiography (MRI/MRA) 


The disadvantages of using preprocedural MRA/MRI tend to be the strengths of 
preprocedural CTA. Namely, there is inferior spatial resolution with MRA/MRI 
which can lead to misidentification of the prostatic arteries — particularly when they 
are small in caliber. Additionally, MRI takes much longer than CTA and tends to be 
more expensive. 

Although the spatial resolution and time of scan is clear advantage to using CTA, 
MRI/MRA offers several potential advantages. To start, MRI can provide excellent 
volumetric assessment of the prostate gland. Additionally, characterization of the 
gland is much more robust with MRI, allowing for better soft tissue detail [5]. The 
additional information regarding soft tissue detail can allow for calculation of the 
ZNVi, as discussed above. This may offer an added benefit for imaging follow-up 
when compared to CTA. 

Preprocedural MRI/MRA may also be combined with a dedicated protocol for 
prostate cancer screening while obtaining images for preprocedural use. This would 
not be possible with CTA given the inferior soft tissue resolution and lack of diffu- 
sion-weighted imaging. 


Cone Beam CT 


Intra-Procedural Guidance 


As described earlier, the prostate arterial supply is extremely variable and can be 
very torturous. Given these challenges, having reference images during angiogra- 
phy can help with orientation. This is especially true during an operator’s early 
experience in PAE. 

Volume-rendered three-dimensional (3D) images can be obtained using post- 
processing software after the PAs are identified on cross-sectional imaging. The 
3D images can then be manipulated so that the origins of the PAs are perpen- 
dicular to their origins. Of note, it is important to have adequate opacification of 
the PAs on preprocedural cross-sectional imaging. These images can be dis- 
played on a reference monitor during the actual procedure for a side-by-side 
comparison [1]. 

CBCTA can be performed at the start of the procedure in lieu of the preproce- 
dural CTA or MRA and also provide a 3D rendered road map that can be overlaid 
over live fluoroscopy. CBCTA demonstrates improved signal-to-noise ratio and 
contrast-to-noise ratio compared to conventional CTA, allowing for reliable pros- 
tatic artery identification. Additionally, this method could reduce overall time and 
radiation exposure [6]. 
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Fig. 9.4 (a) 3D volume-rendered CTA image demonstrates clearly the origin of the left anterior/ 
lateral prostatic artery (white arrows), which can be displayed in the fluoroscopy suite during 
embolization for further guidance. (b) Digital subtraction angiography (DSA) image of the same 
patient with a similar orientation compared to the CTA image in A. White arrows define the ante- 
rior/lateral prostatic artery. (c) RAO fluoroscopic image with 3D volume-rendered CTA image 
overlay. A 5F catheter is seen terminating in the left internal iliac artery (white circle). A micro- 
catheter terminates in the anterior division of the internal iliac artery (black arrow) with guidewire 
in the anterior/lateral prostatic artery (white arrows). (All: Used with permission of Thieme 
Medical from Isaacson and Burke [1]: 228) 


Alternatively, fusion of the CTA with CBCT or orthogonal fluoroscopic images is 
also possible. In this case, overlying bones of the pelvis and spine help provide accurate 
registration during table and fluoroscopic movement as well as magnification. The 
result is a dynamic arterial roadmap that can alleviate reliance on DSA [1] (Fig. 9.4a-c). 
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Fig. 9.5 Axial and coronal cone beam CTA (CBCTA) images after hand injection of contrast 
demonstrating enhancement of the left hemi-prostate without evidence of enhancement of adjacent 
structures — a technique employed to help avoid non-target embolization 


Preventing Non-target Embolization 


CBCT can also be used during the procedure to confirm appropriate catheter 
position prior to embolization. Once the microcatheter is in the suspected pros- 
tatic artery, injection of contrast may be performed just prior to CBCT. Hand 
injection at a slow rate to simulate embolization may be useful to prevent reflux 
of contrast [7]. The CBCTA images are then reviewed. If there is enhancement 
of the hemi-prostate without enhancement of adjacent organs, then emboliza- 
tion can be performed (Fig. 9.5). If there is enhancement of non-target organ 
tissue, the microcatheter should be repositioned and CBCTA repeated prior to 
embolization [7]. 


Conclusion 


Given the inherent challenges with PAE, including variant and small caliber 
prostatic artery anatomy and the need of prostate volume assessment, good qual- 
ity and reproducible preprocedural imaging is important. Preprocedural CTA or 
MRA can be of further benefit when utilized during the procedure as an anatomic 
roadmap. CBCT is also a useful imaging modality for protecting against non- 
target embolization. These different imaging tools each have unique advantages 
and disadvantages that, once understood by the interventionalist, can be used for 
effective preprocedural planning, intraprocedural guidance, and postprocedural 
follow-up. 
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Protocols 


CTA 64-slice scanner (Somatom Sensation 64; Siemens Medical Solutions, 
Munich, Germany). 

Two sprays of sublingual nitroglycerin (800 micrograms; Wilshire 
Pharmaceuticals, Atlanta, GA, USA) given two minutes prior to imaging to dilate 
the PAs. Do not give nitroglycerin if patient has taken a phosphodiesterase inhibitor 
in the past 48 hours. Region of interest (ROI) is drawn in the abdominal aorta 
slightly above the level of the iliac artery bifurcation. When drawing the ROI, avoid 
calcification which can avoid proper triggering. 150 ml of iohexol (Omnipaque™ 
350; GE Healthcare, Waukesha, WI, USA) is injected between 4 and 6 mL/s, 
depending on the gauge of the intravenous catheter. Imaging is initiated when the 
ROI reaches a threshold of 300 Hounsfield units (HUs); however, the technologist 
may need to manually initiate the scan if the HUs plateau prior to reaching 300. 
Parameters for imaging are 0.6 mm collimator reconstructed at 2 mm, pitch 0.9, 
0.33-second gantry rotation period, 120 kV, and 180 reference mA with automated 
modulation along the z-axis based on body mass (CARE Dose 4D, Siemens Medical 
Solutions, Munich, Germany). 2-minute delayed sequence is obtained with similar 
parameters. Axial images are then reconstructed in 2-mm slices and coronal and 
sagittal maximum intensity projection (MIP) reconstructions are also obtained. 
Axial images of 1.2-mm overlapping are then transferred to post-processing soft- 
ware (iNtution; TeraRecon, Foster City, CA, USA) for 3D volume rendering and 
calculation of prostate volume [1]. 


MR Pre-PAE MR imaging was performed on a Siemens Verio 3.0 Tesla magnet 
(Munich, Germany) using a phased-array coil to produce multiparametric sequences 
that included multiplanar two-dimensional (2D) rapid acquisition with relaxation 
enhancement (RARE), three-dimensional (3D) sampling perfection with 
application-optimized contrasts using different flip-angle evolution (SPACE) 
T2-weighted images, and diffusion-weighted imaging with apparent diffusion coef- 
ficient (ADC) map. After the administration of 0.1 mL/kg Gadovist® (gadobutrol; 
Bayer, Ontario, Canada) injected at 1.5 mL/sec, MR angiography using 3D volu- 
metric interpolated spoiled gradient echo was obtained with the following parame- 
ters: field of view (FOV) extending from the aortic bifurcation to the common 
femoral arteries with 2-mm slice thickness; matrix 256 x 179; TR 4.3; TE 2.45; and 
acquisition time, 20 seconds. FOV for the remainder of sequences was set to encom- 
pass the entire prostate gland and seminal vesicles. Prostate glandular volume was 
calculated via 3D semiautomated segmentation (DynaCAD Prostate; Invivo, 
Gainesville, FL, USA) [5]. 


CBCTA Through either common femoral or radial artery access, a 5F multihole 
catheter was placed in the inferior abdominal aorta. Using a floor-mounted fluoros- 
copy unit (Zeego, Siemens Medical Solutions, Munich, Germany), a 6-second cone 
beam CT angiogram (DynaCT, Siemens Medical Solutions, Munich, Germany; 
frame rate: 66.67 fps, kVp: 90-125, FOV: 18.5 cm height x 24-cm diameter, matrix 
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size: 512 x 512) was performed while iohexol diluted to 50% concentration with 
saline was power injected through the catheter. The injection was performed at a 
rate of 4 ml per second for a total of 11 seconds (5 seconds before image acquisition 
and 6 seconds during image acquisition), at a pressure of 800 psi. Axial images were 
reconstructed with a thickness of 2 mm. Side-by-side intraprocedural fluoroscopic 
image and fluoroscopic image with 3D-rendered cone beam CT angiogram overlay 
was used for guidance [6]. 
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Chapter 10 A 
Intraprocedural Techniques for Prostatic — gss 
Artery Embolization 


Jeremy I. Kim, Francisco J. Grippi Figueredo, Sandeep Bagla, 
and Ari J. Isaacson 


Introduction 


PAE is considered one of the more challenging procedures in interventional radiol- 
ogy due to highly variable and complex anatomy as well as the technical skills neces- 
sary to catheterize often tortuous and small arteries. Given these challenges, risks of 
incomplete treatment, no treatment, or even non-target embolization are present, par- 
ticularly early in an operator’s experience. This chapter will discuss some of the 
basic and more advanced techniques to help optimize success and safety of PAE. 


Access Site Determination 


Selecting the appropriate access site can reduce the difficulty associated with pros- 
tatic artery catheterization. If pre-PAE imaging is available, the course and caliber of 
the aorta and pelvic arteries should be evaluated prior to making this decision. In 
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Fig. 10.1 3D rendered image of a CTA of the pelvis in an oblique view demonstrating tortuous 
iliac arteries. In this situation, radial artery access may be advantageous. If femoral access is used, 
a long sheath should be advanced up and over the bifurcation to straighten out the arteries and 
increase catheter maneuverability and support 


general, traversing tortuous arterial segments should be avoided. For example, if the 
right external iliac artery is particularly tortuous, the left common femoral artery or 
the left radial artery should be considered as access sites. If a tortuous external or 
internal iliac artery must be traversed, placing a long sheath through these segments 
can greatly improve subsequent catheter manipulation. If the aorta is particularly tor- 
tuous or there is a dissection, transradial access may not be a good option (Fig. 10.1). 

There are additional considerations when choosing between transradial and 
transfemoral access. In general for transarterial procedures, radial access has the 
advantages of fewer access site complications, decreased recovery time and greater 
patient satisfaction. Additional advantages that are specific for PAE include intra- 
procedural patient positioning with the hips and knees flexed to reduce lower back 
pain and earlier post-procedural ambulation/upright urination. However, there are 
also limitations of the transradial approach that include inability to access more 
distal pelvic branches due to catheter length and potentially decreased catheter sup- 
port. When making the decision, patient specific considerations should include 
patient height, patient arm length, aortic and iliac artery tortuosity, anticoagulation 
status, Barbeau type, as well as patient preference [1, 2]. 


Target Vessel Recognition 


There are various options for identifying the prostatic arteries and accompanying 
anastomoses. High-quality pelvic CTA can be useful for this purpose. Also, cone 
beam CTA obtained at the outset of the procedure can provide this information as 
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well. DSA imaging, however, will provide the most information including the loca- 
tions of the prostatic artery origins, the presence of extra-prostatic anastomoses and 
the presence of arterial stenoses. Internal iliac angiography should be performed 
with an ipsolateral anterior obliquity of 30—40 degrees in order to separate the ante- 
rior and posterior divisions. If possible, the field of view should extend inferiorly to 
include the distal internal pudendal and obturator arteries in order to visualize ter- 
minal branches supplying the prostate. Either a power injection or a vigorous hand 
injection of contrast at a rate of 5 cc/sec for 2 seconds should be utilized. The DSA 
acquisition should be continued until the complete internal pudendal and obturator 
arteries have been seen. 


Catheterization Techniques 


Because of the diameter of the prostatic artery (1-2 mm) and the angle at which it 
can arise, advancing a wire/microcatheter into position can be challenging. General 
principles that can be helpful include using an angled or shapable microwire, using 
a smaller diameter microcatheter (2.4 fr or less) and advancing the base catheter 
distally to maximize support behind the microcatheter. If initial attempts are unsuc- 
cessful, using an angled microcatheter or a tip-deflecting microcatheter should be 
considered (Fig. 10.2). 

Maintaining stable access with the diagnostic catheter in the anterior division 
of the internal iliac artery can improve successful catheterization of the PA, par- 
ticularly in patients with atherosclerotic disease and vessel tortuosity. It is com- 
mon to see retraction of the diagnostic catheter and into the posterior division 
after wire removal. Additionally the diagnostic catheter tends to angle toward the 
posterolateral direction, which creates a difficult angle for the microcatheter to 
access anteromedially coursing branches. Placing a 6-F sheath in the anterior 
division can provide better stability and control for the diagnostic catheter in a 
more favorable angle. If more stability is required, a “buddy-wire” can also be 
placed distally into the anterior division, such as the distal inferior gluteal artery, 
to maintain access (Fig. 10.2). When advancing the “buddy-wire,” caution should 
be taken to prevent damage to distal branches, particularly the internal pudendal 
artery. Then a microcatheter can be utilized in parallel to the “buddy-wire” to 
select the PA (Fig. 10.3a, b). 

One of the hardest prostatic artery origins to catheterize is when it arises 
from a common origin with the superior vesical artery. This often involves navi- 
gating sharp turns in close proximity to each other. A useful technique in this 
scenario is to first catheterize the superior vesical artery distal to the prostatic 
artery origin. Then the microcatheter can be slowly withdrawn while injecting 
contrast to identify the prostatic artery origin. From this position, a soft, angled 
microwire can be manipulated inferiorly in the prostatic artery followed by the 
microcatheter. If the wire repetitively selects the wrong branch of the vesico 
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Fig. 10.2 Left anterior 
oblique digital subtraction 
angiography image with 
pre-shaped microcatheter 
in the proximal vesiculo- 
prostatic (VP) trunk (black 
arrow), demonstrating the 
course of the anterior/ 
lateral prostatic artery 
(white arrows). The VP 
trunk frequently originates 
sharply and courses 
anteriorly from the anterior 
division. The curved tip of 
a pre-shaped microcatheter 
makes advancing a 
guidewire through this 
angle easier. (Used with 
permission of Thieme from 
Bagla S, Isaacson AJ. Tips 
and Tricks for Difficult 
Prostatic Artery 
Embolization. Semin 
Intervent Radiol. 2016 
Sep;33(3):236-9) 


» 
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Fig. 10.3 (a) Left anterior oblique digital subtraction angiography shows tortuous distal left internal 
iliac artery (circle). Due to this tortuosity (knuckle), a catheter placed within the proximal anterior 
division will frequently spontaneously retract into the posterior division making catheterization of the 
prostatic artery (arrows) arising from a vesicoprostatic trunk difficult. (b) Digital subtraction angiog- 
raphy image with similar obliquity demonstrates a sheath with tip (arrow) maintained in the proximal 
anterior division despite the internal iliac artery tortuosity by a "buddy-wire" running deep into the 
gluteal-pudendal trunk. (Both: Used with permission of Thieme from Bagla S, Isaacson AJ. Tips and 
Tricks for Difficult Prostatic Artery Embolization. Semin Intervent Radiol. 2016 Sep;33(3):236—9) 
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Fig. 10.4 Schematic of the internal iliac artery demonstrating the prostatic artery arising from a 
common trunk with the superior vesical artery. (a) The guide wire is advanced in the superior vesi- 
cal artery. (b) The microcatheter is advanced over the guidewire into the superior vesical artery. (c) 
The microcatheter is slowly withdrawn while injecting contrast until the tip is just proximal to the 
origin of the prostatic artery and the guide wire is advanced into the prostatic artery. (d) The micro- 
catheter catheter can then be advanced into the prostatic artery 


prostatic trunk, a coil can be placed just distal to the origin of the “wrong” 
branch in order to deflect the wire into the prostatic artery (Fig. 10.4a—d). 


Embolization 


After catheterization of the prostatic artery, pre-embolization DSA should be per- 
formed to confirm not only catheter positioning, but to evaluate for flow dynamics, 
arterial anastomoses, and potential non-target embolization sites. DSA injection 
rates can vary depending on the purpose for evaluation. To simulate particle flow 
during embolization, a slow injection rate of 0.1—0.2 cc/s is useful during the initial 
part of the acquisition. However, injecting with more pressure during the later part 
of the acquisition will demonstrate anastomoses that might only be seen after partial 
embolization. 

If an intra- or peri-prostatic arterial anastomosis to a vessel supplying non-target 
tissue (e.g., the bladder, rectum, or penis) is identified, there are several techniques 
that can be employed to avoid non-target embolization. First, if superselective cath- 
eterization distal to the anastomosis is possible, slow embolization from this point 
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Fig. 10.5 Techniques for preventing non-target embolization through prostatic arterial anastomo- 
ses. (a) coil embolization of prostato-pudendal anastomosis to prevent nontarget embolization. 
(b) use of vasodilator such as verapamil or nitroglycerin to redirect blood preferentially towards 
the prostate. (c) use of balloon occlusion microcatheter to redirect blood flow towards the prostate. 
(d) use of embolic particles that are too large to pass through a small arterial anastomosis 


to prevent reflux is one option. Second, coil embolization of the anastomoses to 
prevent distal flow of particles is also a possibility (Fig. 10.5a). This technique pro- 
vides the added benefit of occluding the “back door" which may act as a conduit for 
revascularization of the prostate, resulting in clinical failure. A third option is to 
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Fig. 10.6 (a) Selective DSA of the right prostatic artery prior to embolization. (b, c) Coronal and 
axial cone beam CT images after low-pressure hand injection of contrast demonstrating right pros- 
tatic enhancement and confirming correct catheter position for embolization 


modify blood flow so that the embolic particles flow preferentially to the prostate 
and not through the anastomosis. This can sometimes be achieved by injection of a 
vasodilator such as nitroglycerin or verapamil or by using a balloon-occlusion 
microcatheter to reduce the intra-arterial pressure in the prostatic artery (Fig. 10.5b, 
c). A final strategy that is only available if the anastomosis is narrow is to use larger 
particles (300-500um) (Fig. 10.5d). 

Before embolization, it may also be useful to perform a cone beam CT to confirm 
prostatic enhancement and evaluate for non-target enhancement. It is important that 
the contrast injection for this acquisition be slow and of small volume (about 0.5 ml) 
to prevent reflux into proximal vessels, confounding the results of the images 
(Fig. 10.6a-c). 

There is no consensus on the appropriate type and size of particle embolic. Both 
non-spherical PVA and spherical embolics have been proven effective. When it 
comes to size, particles ranging from 75 to 500 um have been evaluated. In general, 
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Fig. 10.7 The "PErFecTED" Technique. (a) Initial particle embolization is from a more proximal 
position in the prostatic artery utilizing "free flow" of blood to drive the particles. (b) Once stasis 
of blood flow is reached, the microcatheter is advanced distally into the intra-prostatic arteries and 
additional particle embolization is performed 


studies suggest that larger particles have lower complication rates, but smaller par- 
ticles result in greater prostate volume reduction and necrosis [3]. 

If the risk of non-target embolization through distal arterial anastomoses has 
been managed with one of the previous mentioned techniques, embolization should 
be performed to stasis using a slow injection rate of approximately 0.1—0.2 cc/sec. 
The “PErFecTED” (Proximal Embolization First, Then Embolize Distally) tech- 
nique is the method in which embolization is performed to stasis from a position 
just distal to any bladder branches within the prostatic artery. Once stasis is achieved, 
the microcatheter is then advanced distally into the intraprostatic branches and addi- 
tional particles are injected until stasis [4] (Fig. 10.7a, b). The “PErFecTED” tech- 
nique has been shown to result in superior outcomes compared to the conventional 
technique [4, 5]. However, it should be noted that “PErFecTED” has been described 
using 300—500 um spherical particles. Using this technique with smaller particles 
may increase the risk of non-target embolization. 


Conclusion 


PAE is a technically challenging procedure with highly variable tortuous anatomy and 
complex flow dynamics. Utilizing the techniques described in this chapter should 
result in improved technical and clinical success and minimize complications. 
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Chapter 11 A 
Post-procedural Care and Complication EM 
Management for Prostatic Artery 

Embolization 


Steven D. Kao, Adam N. Plotnik, and Justin P. McWilliams 


Abbreviations 

AUR Acute urinary retention 

IPSS International prostate symptom score 
NSAID Nonsteroidal anti-inflammatory drug 
PAE Prostate artery embolization 

PVR Post-void residual 

UTI Urinary tract infection 


Immediate Post-procedural Care 


Prostatic artery embolization is typically performed as an outpatient procedure and 
has overall a good safety profile [1-3]. Time of discharge depends on the method of 
hemostasis and the patient’s ability to void but is usually between 2 and 6 hours 
after the procedure. The radial or femoral arterial puncture site should be checked 
regularly after the procedure to ensure adequate hemostasis. If a Foley catheter was 
inserted prior to the procedure, it should be removed soon after the procedure to 
allow adequate time for spontaneous voiding. Overnight observation is rarely 
required; however, it may be necessary in cases of inability to spontaneously void, 
excessive sedation, marked discomfort, or evidence of complication. All patients 
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should be encouraged to drink plenty of fluids to avoid dehydration and precipita- 
tion of acute renal failure. Alpha-1 adrenergic agents are typically continued for at 
least 2-6 weeks after PAE, to allow time for prostatic inflammation to resolve and 
prostate shrinkage to occur. Prior to discharge, patients should be counseled to avoid 
strenuous activity for about 1 week and given warning that they may feel fatigued 
for 5—7 days after the procedure. 


Post-procedure Side Effects and Management 


Patients should be informed that a number of bothersome symptoms may occur in 
the first week following prostate artery embolization (Table 11.1). Although some- 
times considered to be minor complications, they are better regarded as side effects, 
as they are anticipated after the procedure, are self-limited, and require only symp- 
tomatic management [5]. Most of these effects are related to post-embolic inflam- 
mation of the prostate and peri-prostatic tissues, and can include dysuria (occurring 
in 16.9% of patients), urinary frequency (11.6%), obstipation (6.1%), and blood in 
the urine (5.5%), stool (4.6%), or ejaculate (5.5%) [4]. These symptoms typically 


Table 11.1 Minor and major complications after PAE 


Major? | Minor* 
Complication (96) (96) Management 


Dysuria 16.9  |Phenazopyridine or methenamine 
Frequency 11.6 | Solifenacin or oxybutynin 
Retention 4.6 | Temporary urinary catheterization 
UTI 0.08 | 2.6  |Urine/blood cultures 


Oral antibiotic therapy if uncomplicated 
Hospitalization and intravenous antibiotics if signs of 


urosepsis 
Hematuria 5.5 | No treatment needed in most cases 
Consider cystoscopy if severe or persistent 
Bladder 0.08 Urology consultation 
ischemia Prolonged catheterization 
Antibiotic therapy 
Penile ischemia «I Urology consultation 
Aspirin 
Consider tadalafil 
Local wound care 
Rectal bleeding 4.6 | No treatment needed in most cases 
Consider endoscopy if severe or persistent 
Hematospermia 5.5 | No treatment needed 
Radiodermatitis <1 Topical hydrophilic moisturizers if mild 


Wet dressings and topical antibiotics if moderate to severe 


UTI urinary tract infection 
Percent incidences adapted from Ref. [4] 
“As defined by Society of Interventional Radiology Clinical Practice Guidelines (2003) 
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resolve on their own by a week post-procedure. However, these symptoms can be 
uncomfortable or alarming to patients, and a number of different post-PAE treat- 
ment regimens have been proposed to mitigate them. Most institutions use a short 
(7 days or less) course of anti-inflammatory medication to reduce peri-prostatic 
inflammation and an empiric course of oral antibiotics to prevent urinary tract infec- 
tion. The anti-inflammatory medication is typically a nonsteroidal anti-inflammatory 
drug (NSAID) such as ibuprofen or naproxen, but some practitioners prefer a short 
course of an oral steroid such as methylprednisolone. Some practitioners also pre- 
scribe a week-long course of an anti-muscarinic agent such as solifenacin or oxybu- 
tynin to relieve bladder spasms and reduce urinary frequency and urgency. 
Phenazopyridine or methenamine is frequently used to relieve pain or burning with 
urination. Patients should be counseled that the medication will cause urine to be 
dark or orange. Some institutions prescribe a stool softener such as bisacodyl, as 
constipation can aggravate urinary obstruction in some patients. In the event of 
nausea or mild fever, additional antiemetics or antipyretics may be prescribed as 
needed. Many of the relevant medications applicable to post-PAE symptoms are 
listed in Tables 11.2 and 11.3. 

Blood in the urine, stool, or ejaculate can be normal following PAE. This can be 
related to post-embolic inflammation, or to non-target embolization to the bladder, 
rectum, or seminal vesicles. If the bleeding is mild and self-limited, as it usually is, 


Table 11.2 Common post-procedural medications 


Trade Applicable Relevant adverse 
Name | name Dosage indications effects 
Ibuprofen Advil 800 mg TID Mild pain, CV thrombotic 
dysuria, urinary | events, GI bleeding 
retention 
prevention 
Methylprednisolone | Medrol | 4-24 mg daily* Mild pain, Hyperglycemia, 
dysuria, urinary | avoid in diabetics 
retention 
prevention 
Ciprofloxacin Cipro 500 mg BID for UTI prophylaxis | Hypoglycemia in 
7 days (longer if diabetics, tendon 
indwelling Foley, rupture 


chronic prostatitis or 
chronic recurrent 


UTD 
Trimethoprim- Bactrim | 160/800 mg BID UTI prophylaxis | GI disturbances 
sulfamethoxazole (treatment length as (nausea, vomiting, 
above) anorexia) 
Bisacodyl Dulcolax | 20 mg daily Laxative to help 
prevent 
| constipation 


CV cardiovascular, G gastrointestinal, TID four times daily, BID twice daily 
“Dosage can be increased up to 48 mg/day as needed; patients should be instructed to taper their 
dosage at the completion of the steroid course or pre-packaged tapered dose pack should be used 
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Table 11.3 Supplemental medications 
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Trade 
Name name Dosage Indications Side/adverse effects 
Solifenacin VESIcare |5 mg daily Reduce urinary | Can cause dry mouth 
urgency and and constipation 
bladder spasms. | Avoid in patient 
>85 years as can 
cause confusion 
Oxybutynin Ditropan 5 mg Reduce urinary | Can cause dry mouth 
BID-TID urgency and and constipation 
bladder spasms. | Avoid in patient 
>85 years as can 
cause confusion 
Phenazopyridine Pyridium, | 100mg TID | Relieves urinary | Will cause urine to be 
hydrochloride Azo (OTC) | for 2-3 days | pain, burning dark or turn orange 
and discomfort | Can cause dizziness, 
headache, 
indigestion, itchy 
stomach, cramps or 
pain 
Methenamine, phenyl Uribel 1 tablet QID | Relieves urinary | Can turn urine blue/ 
salicylate, methylene (OTC) burning and bluish-green 
blue, sodium phosphate, urgency 
hyoscyamine sulfate 
Hydrocodone- Norco 5-325 mg q6 | Moderate to Constipation 
acetaminophen hours PRN  |severe pain 
Docusate  |Colace |100 mg  |Stool softener Bloating, cramping 
sodium BID and diarrhea 


BID twice daily, TID three times daily, Q/D four times daily, OTC “over-the-counter” medication, 
PRN as needed 


then there is little reason for concern, and patients can be reassured. Severe or per- 
sistent hematuria may warrant cystoscopy, as bladder wall necrosis has been 
encountered in several cases [6, 7]. Similarly, rectoscopy can be considered if severe 
or persistent rectorrhagia occurs. No lasting effects of hematospermia have been 
reported. See the “non-target embolization” section for additional details. 


Minor Adverse Events and Management 


Acute Urinary Retention 


Acute urinary retention (AUR) can occur after prostate artery embolization and is 
reported in about 4.696 of cases [5]. Patients with a markedly enlarged prostate, 
prior need for self-catheterization, higher post-void residual (PVR), and high 
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international prostate symptom score (IPSS) at baseline are at higher risk for uri- 
nary retention [5]. Steroids and NSAIDs reduce prostatic inflammation and are 
thought to also reduce the possibility of AUR; most practitioners give the first dose 
prior to PAE for this reason [8-13]. Regardless, if the patient is unable to void spon- 
taneously within 4 hours following the procedure, a Foley catheter can be inserted 
and left in place for several days to allow inflammation to subside. Some practitio- 
ners prefer to perform an in-and-out catheterization of the bladder in the recovery 
area for patients experiencing AUR, as the retention is sometimes related to sedation 
given during the procedure, or overdistention of the bladder due to long procedure 
time. In that case, the patient should be monitored for additional time to ensure that 
he can void spontaneously prior to discharge. 


Urinary Tract Infection 


Patients with a history of prostatitis, urinary retention, prior urinary tract infection 
(UTD, indwelling catheters, or those that routinely self-catheterize are at a higher risk 
of UTI. The overall reported risk of mild UTI following PAE is 3% [14]. Typical pro- 
phylactic antibiotic regimens include ciprofloxacin or trimethoprim-sulfamethoxazole 
for 7 days following the procedure. In higher risk cases, such as patients with history of 
chronic prostatitis or chronic recurrent UTI, an extended course of antibiotics may be 
prescribed. If a patient presents with suspected urinary tract infection following PAE, 
blood cultures and urine cultures should be obtained prior to initiation of antibiotic 
therapy. If the UTI is uncomplicated, oral antibiotic therapy targeted to the causative 
organism is usually sufficient. Rarely, patients may meet criteria for urosepsis, defined 
as meeting at least 2 of the following criteria: body temperature > 38 or < 36 degrees 
Celsius, tachycardia >90/min, tachypnea >20/min, respiratory alkalosis with a 
P,CO, < 32 mm Hg or leukocytosis >12/nL or leukopenia <4/nL or band forms >10% 
in the setting of demonstrated infection and acute organ dysfunction. These patients 
will require hospital admission and intravenous antibiotic therapy [15]. This was 
reported in 2 of 30 cases in a cohort of highly comorbid patients undergoing PAE [16]. 


Sloughing of Prostatic Tissue 


Dense embolization of the prostate gland can cause infarction and sloughing of 
fragments of prostate tissue. This is occasionally reported by patients in the days 
and weeks following PAE, with fleshy tissue being passed in the urine, sometimes 
along with hematuria. Patients should be counseled prior to the procedure about the 
possibility and that the tissue is usually expelled without clinical sequelae [17]. 
Rarely, the tissue fragments can result in partial or complete urinary obstruction. 
One case of prostate tissue expulsion from post-PAE infarction required cystoscopy 
for extraction [18]. 
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Retrograde Ejaculation 


Retrograde ejaculation is very common following urologic surgery, but is unlikely 
after PAE, due to the ischemic rather than traumatic mechanism of action of the 
PAE treatment. Most cohort studies and PAE trials describe no incidence of retro- 
grade ejaculation, and the preservation of sexual function is described as one of 
the major advantages of PAE [1, 9, 19-22]. However, two recent trials encoun- 
tered a proportion of patients who described reduced ejaculate volume or retro- 
grade ejaculation after PAE [19, 23]. It is unclear if these patients had preexisting 
retrograde ejaculation, or if concomitant medical therapy could have been respon- 
sible. At least some of the cases seemed to be temporally related to PAE, and 
patients should be counseled of the possibility of reduced or retrograde ejacula- 
tion following PAE, though this possibility is much less common than with surgi- 
cal treatments. 


Non-target Embolization 


An extensive peri-prostatic arterial anastomotic network is present in the male pel- 
vis, with arterial supply from the internal pudendal, middle rectal, umbilical, obtu- 
rator, and inferior gluteal arteries. Due in part to these numerous connections, 
non-target embolization to the bladder, penis, and rectum has been reported follow- 
ing PAE. Patients with abundant collateral vessels, such as those with vasculopa- 
thies (e.g., smokers, diabetics) are at higher risk for non-target embolization [24, 
25]. To prevent this complication, it is important to preemptively coil embolize non- 
target collaterals where necessary, consider use of larger than normal particles, and 
carefully watch the direction of flow during prostate embolization [13, 26]. 


Bladder 


Due to the proximity of the superior and inferior vesical arteries to the prostatic 
arteries, embolization of the bladder wall has been reported. Minor non-target 
embolization is well-tolerated and may be subclinical or cause bladder spasms or 
mild hematuria. These are typically transient and can be treated symptomatically. 
More extensive non-target embolization can result in necrosis of portions of the 
bladder wall, and patients may present with gross hematuria and pain. In such cases, 
urologic referral with prolonged bladder catheterization and antibiotic therapy is 
suggested. Continuous bladder irrigation may be considered in the event of large 
volume blood or clot passage to avoid urinary obstruction. Cystoscopy can delineate 
the areas of ischemia or necrosis and help guide management. Management can 
often be conservative, but two cases of partial bladder wall resection have been 
reported following PAE [6, 27]. An alternative strategy was illustrated by a third 
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reported case, in which bladder ischemia occurred following PAE. The patient 
reported gross hematuria with passage of clots 3 days after PAE, and CT demon- 
strated an area of dehiscence along the anterolateral bladder wall and gas collec- 
tions. A Foley catheter was placed, and the patient was given an extended antibiotic 
course of norfloxacin and cefuroxime. The patient remained afebrile and in other- 
wise good condition; the hematuria resolved by post-procedure day 8 and there was 
no leakage on ascending cystogram at 6-week post-procedure follow-up. The uri- 
nary catheter was removed at that point and the remaining post-procedure course 
was routine and uneventful. The patient reported improved urinary function at fol- 
low-up when compared to pre-procedure [7]. 


Penis 


Non-target embolization to the penis can occur following PAE due to passage of 
particles into the penile artery via intra-prostatic or peri-prostatic collaterals, or due 
to reflux of particles from the prostatic artery into the pudendal circulation. The risk 
appears increased in patients with accessory pudendal arteries. Regardless of anat- 
omy, the interventionalist must be vigilant of any arterial branches passing inferi- 
orly from the prostate at the midline, which could pass to the penile artery. Minor 
non-target embolization may result in balanitis or small ischemic spots on the penis, 
which may be distressing to the patient, but fade and resolve without sequelae. More 
extensive non-target embolization can result in ischemic ulceration and pain of the 
penis, typically at the glans, and has been reported in 4 cases in the world literature 
[23, 28-30]. One was a case report which described a patient who presented on 


Fig. 11.1 (a, b) Ischemic balanitis and necrosis following non-target embolization of penile arte- 
rial branches. (a) Necrotic eschar surrounding the urethral meatus on postoperative day 11. (b) 
Healing of the eschar by postoperative day 40 following conservative management with topical 
medications and wound care. (Both: Used with permission of Elsevier from Kisilevzky et al. [28]) 
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postoperative day 8 following PAE with discoloration and skin breakdown of the 
glans penis concerning for ischemia (Fig. 11.1a). The patient was placed on pent- 
oxifylline and local wound care with fusidic acid cream and potassium permanga- 
nate was initiated. On postoperative day 14, granulation tissue under the superficial 
crust was observed, and by postoperative day 40, the glans penis had completely 
healed (Fig. 11.1b). The patient reported improved voiding and normal sexual func- 
tion [28]. In cases where non-target embolization of the penis is suspected at the 
time of PAE or soon thereafter, supportive care to minimize ischemic damage 
should be rendered. This could include a week-long course of aspirin 325 mg daily 
to reduce platelet aggregation and tadalafil 5 mg daily to encourage penile perfusion 
and reduce inflammation via autonomic nervous and various cytokine pathways 
[31]. Systemic anticoagulation or even thrombolysis could also be considered, but 
have not been reported. 


Rectum 


Non-target embolization to the rectal arteries resulting in ischemic rectitis can 
generally be managed conservatively. The rectum has a rich vascular network, 
and collateral supply is abundant. In one case report, a patient reported a small 
amount of blood and mucus in his stool 3 days following an otherwise uneventful 
prostate artery embolization. Colonoscopy on post-procedure day 4 demon- 
strated small ulcerations in the anterior wall of the mid to distal rectum. Bleeding 
per rectum resolved without further intervention by the end of the first week. 
Follow-up rectoscopy on post-procedure day 16 revealed complete resolution of 
findings. The patient denied any further symptoms and otherwise experienced 
improved urinary symptoms [32]. In the event that there is suspicion for non- 
target embolization to the rectum resulting in small volume bleeding related to 
ischemic rectitis, we suggest symptom management with stool softeners such as 
docusate. Potentially traumatic interventions such as endoscopy should only be 
undertaken in the event of large volume bleeding or other worrisome symptoms. 
If the patient develops fevers or persistent severe pain, investigation for signs of 
bowel perforation or abscess formation is suggested; these sequelae have not 
been described in the literature. 


Radiation Exposure and Radiodermatitis 


Prostatic artery embolization is a technically challenging procedure which can 
sometimes require substantial radiation dose [33]. Thus, the risk exists for 
radiation-induced skin injury. One case report describes a patient who developed 
an erythematous lesion on the lower back and sacral area within 12 days after 
PAE. The embolization procedure itself lasted a total of 310 minutes with 
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72 minutes of fluoroscopy time, air kerma of 9.8 Gy and kerma-area-product of 
greater than eight million mGyxcm?. The patient was treated with a urea-based 
lotion three times daily for 15 days. After 60 days, the lesion had mostly healed, 
except for a small area of skin atrophy [34]. This report follows what has been 
reported in the literature for other interventional procedures [35, 36]. Patients 
should be screened for prior radiation treatment, x-ray fluoroscopic procedures 
and cross-sectional imaging of the pelvic region, particularly in the 6 months 
prior to PAE. A number of dose reduction techniques, including patient position- 
ing, dose spreading, pulsed fluoroscopy, image collimation, and magnification, 
may be employed [33—35, 37, 38]. Fluoroscopy time and peak skin dose should 
be monitored, and cessation of the procedure should be considered once air 
kerma exceeds 5-8 Gray. In the event where a high dose is unavoidable, the 
patient should be counseled on the following preventative measures: maintaining 
the irradiated area clean and dry, washing with lukewarm water and mild syn- 
thetic soaps, avoidance of possible skin irritants, avoiding sun exposure, and 
wearing loose-fitting clothing in the days following prostate embolization [39]. 
Findings of radiation dermatitis can be categorized into early, manifesting less 
than 90 days, and late, manifesting months to years after the procedure. Early 
changes include erythema, non-pitting edema, pigmentation changes, hair loss 
and desquamation. Diagnosis can usually be made without additional testing, 
especially when the skin findings are sharply demarcated and limited to area of 
irradiation. Mild dermatitis, as categorized by the National Cancer Institute 
Common Toxicity Criteria, involves blanchable erythema or dry desquamation 
and symptoms typically resolve within a month. Management of mild dermatitis 
involves hydrophilic moisturization and topical corticosteroids for pruritus. 
Antihistamines are generally ineffective for radiation dermatitis-related pruritis. 
Moderate dermatitis is defined as development of painful erythema and edema 
with bullae and focal loss of epidermis and desquamation limited to the skin 
folds. Severe dermatitis involves confluent desquamation in areas other than skin 
folds and may progress to full-thickness skin necrosis and ulceration which are 
then at risk for infection. Management of moderate to severe dermatitis is tar- 
geted toward avoiding secondary infection with the application of dressings to 
maintain a moist environment to speed re-epithelialization and use of topical 
and/or systemic antibiotics in the event of infection [39]. No cases of moderate 
or severe dermatitis have been reported in the PAE literature. 


Conclusion 


PAE has an excellent overall safety profile. However, side effects and minor 
adverse events are common. Knowledge of appropriate prophylactic and thera- 
peutic medications will ease the recovery of PAE patients. Major adverse events 
are rare; however, when they occur, they must be recognized promptly and 
treated appropriately. 
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Chapter 12 A 
Failed and Repeat Prostatic Artery ges 
Embolization 


Rachel Piechowiak, Ari J. Isaacson, and Sandeep Bagla 


Measures of Prostatic Artery Embolization (PAE) Success 


The definition of clinical success after PAE varies. Common measures include 
freedom from catheter dependence, at least a 25% decrease in IPSS from baseline, 
an absolute IPSS <15 points, at least a 1-point decrease in the QoL score from 
baseline, a maximum QoL score of 3, and no need for any additional medical or 
surgical therapy for LUTS [1, 2]. One large study demonstrated initial success 
rates after PAE of 87.7% at 6 months with clinical success rates of 85.1% in the 
first year, 81.9% at 3 years, and 76.3% at 6.5 years [1]. However, due to the vari- 
ability among institutional measures of clinical success, type and size of embolic 
used, operator experience, as well as patient population variability, clinical success 
rates can vary. 
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Factors Contributing to Clinical Failure 


Poor Patient Selection 


During the pre-PAE urologic workup, several factors should be evaluated to deter- 
mine if the patient is a suitable candidate for PAE. Alternate etiologies of LUTS 
should be considered and ruled out. Prostate volume should be evaluated to ensure 
that it is enlarged (230 ml). If the patient has a high post-void residual volume, has 
chronic retention requiring catheterization, or has evidence of bladder dysfunction 
on imaging, urodynamic testing should be considered to evaluate detrusor strength. 
If the bladder cannot generate pressure in order to void, PAE will fail. If the patient 
has bladder stones, an additional procedure to remove the stones will be necessary 
to avoid clinical failure due to urethral obstruction. Finally, if there is a history of 
uncontrolled diabetes, smoking, previous placement of an arterial stent or bypass 
graft or endovascular repair of the aorta, a pelvic CTA should be performed to deter- 
mine if prostatic artery catheterization will be possible. 


Technical Failure 


PAE is a technically difficult procedure due to multiple factors. First, identification 
of the prostatic arteries can be confusing due to the high incidence of variant anat- 
omy and asymmetry between the hemipelves. Second, the small caliber and tortuos- 
ity ofthe prostatic arteries can make them difficult to catheterize. In order to maximize 
the potential for clinical success, bilateral embolization must be completed, as unilat- 
eral embolization only results in clinical success in 50% of cases [3]. 


Failure to Identify the Prostatic Artery (Figs. 12.1a, b, 12.2a, b, and 12.3a, b) 


While the majority of prostatic arteries arise proximally from branches of the ante- 
rior division of the internal iliac artery [4, 5], they can also arise from atypical loca- 
tions, such as an aberrant obturator artery, the distal internal pudendal artery, or the 
distal obturator artery when the internal pudendal artery is occluded. An aberrant 
obturator artery, also known as the “corona mortis," is present in 1/3 of cases and 
arises from the inferior epigastric artery or the external iliac artery [5]. It is impor- 
tant to interrogate the external iliac artery when the obturator is not seen on the 
internal iliac angiogram and no prostatic artery is seen. Prostatic supply from the 
distal internal pudendal artery can go unrecognized if the internal iliac angiogram is 
not continued until contrast reaches this region, or if the field of view does not 
include the inferior pelvis. Inability to recognize variant anatomy can lead to incom- 
plete embolization. 
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Fig. 12.1 (a) Selective DSA of the left external iliac artery demonstrating an abberant obturator 
artery (black arrow) originating from the inferior epigastric artery (broken arrow). The prostatic 
artery originates from the proximal obturator (red arrow). No obturator or prostatic artery was seen 
on the initial internal iliac artery DSA. (b) Subselective DSA of the prostatic artery demonstrates 
filling of the hemigland 


Fig. 12.2 (a) Delayed left internal iliac artery DSA demonstrates a terminal pudendal artery 
coursing toward the expected region of prostate (broken arrow). (b) Subselective DSA of the ter- 
minal internal pudendal artery branch demonstrates filling of the central gland (short black arrows) 
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Fig. 12.3 (a) Right internal iliac artery DSA demonstrating an occluded proximal pudendal artery 
with reconstitution distally (broken arrow). Because the original prostatic artery likely arose from 
the occluded internal pudendal artery, collateralization has occurred and the main supply is now 
via the retropubic branch of the obturator artery (black arrow) 

(b) Subselective DSA of the retropubic branch of the distal obturator artery demonstrating filling of 
a large portion of the gland, including filling to the left hemigland across midline (red arrow) 


Failure to Catheterize the Prostatic Artery 


Once the prostatic artery has been identified, the greatest challenge associated with 
PAE can often be positioning a microcatheter for successful embolization. Engaging 
the origin of the prostatic artery can be difficult due to the angle at which it arises as 
well as its small diameter. It is also possible that atherosclerotic disease can result in 
stenosis, preventing catheterization. Acquiring fluoroscopic imaging that optimally 
demonstrates the origin of the prostatic artery is useful. A 3-D rendering of a pre-pro- 
cedural CTA or CBCTA can be helpful to determine the optimal obliquity for visual- 
izing the prostatic artery origin. Once the target vessel is well seen, angled microwires 
and microcatheters can be of use. Tip deflecting microcatheters can also be helpful. 


Incomplete Embolization (Fig. 12.4) 


Once the microcatheter is engaged, it should be advanced distally toward the pros- 
tatic margin. If embolization occurs too proximally, aggregation of the embolic par- 
ticles within the mid prostatic artery can occur, resulting in distal arterial anastomoses 
vascularizing the prostate and preventing gland ischemia. Because of frequent tor- 
tuosity of the prostatic artery, good proximal support from the diagnostic catheter or 
sheath is needed to advance the microcatheter into position. Another possible obsta- 
cle to optimally positioning the microcatheter is limited catheter length when 
accessing from a radial artery approach. This can be avoided by selecting patients 
for radial access who fall within suitable height and arm length parameters [6]. 
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Fig. 12.4 Incomplete 
embolization. Subselective 
DSA of what was thought 
to be the left prostatic 
artery (black arrow). A 
large central filling defect 
is noted with staining of 
only the periphery of the 
gland. This was actually 
the capsular artery of the 
prostate 


It is not usual for the central gland to be perfused by more than one vessel on a 
pelvic side. When interrogating potential arterial branches to the prostate, it is 
important to observe staining of the hemigland. If perfusion defects are noted, this 
may be due to additional arterial supply, which would need to be identified and 
embolized to avoid incomplete embolization. Alternatively, one might mistake the 
capsular branch for the main prostatic branch. The capsular artery will usually only 
perfuse the periphery of the gland and a large central perfusion defect will be seen 
in the gland when performing DSA. 


Angiographic Findings on Repeat PAE 


If PAE results in clinical failure, it is reasonable to consider repeating the procedure. 
A second PAE can be effective most of the time if careful technical considerations 
are made, and it is still very safe. One study described repeat PAE being successful 
62.9%, 43.6%, and 43.6% in the short, medium, and long term, respectively [1]; 
however, this number can be much higher if bilateral and complete embolization is 
performed. Before making the decision to re-embolize, it can be helpful to obtain 
cross-sectional imaging to determine how much of the gland is still perfused. If 
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there are large infarcts, bilaterally, other reasons for clinical failure should be con- 
sidered and a repeat PAE should not be performed. When pursuing a repeat PAE, 
several procedural scenarios can be encountered that are unique to a second attempt. 


Patent Prostatic Artery (Fig. 12.5a, b) 


When obtaining internal iliac angiography, for a repeat PAE, the previously emboli- 
Zed prostatic artery may be patent. This can occur due to initial underembolization, or 
from secondary recanalization. In the latter scenario, collaterals can develop between 
the prostatic artery and adjacent arteries that are not typically seen on de novo PAEs. 
Recognizing the newly developed collaterals and positioning the microcatheter 
accordingly is important to avoid non-target embolization. 


Occluded Prostatic Artery (Fig. 12.6a, b) 


The second possibility when obtaining angiography during a repeat PAE is that the 
previously embolized prostatic artery is still occluded. In this circumstance, an 
intra- or peri-prostatic arterial anastomosis has compensated for the embolized 
artery and is now the primary supplier of blood to the hemi-prostate. The challenge 
in these situations is to locate the correct artery. Occasionally, pre-PAE CTA or 


Fig. 12.5 Patent prostatic artery seen on repeat PAE. (a) Selective DSA of left internal iliac artery 
demonstrating patency of a previously embolized prostatic artery arising from a vesicoprostatic 
trunk (black arrow). (b) Subselective DSA of left prostatic artery. White arrow depicts superior 
vesical artery. Dashed black arrow depicts prostatic artery. Numerous collaterals have developed 
between the prostatic and superior vesical arteries (red asterisk). Slow and careful embolization in 
prostatic artery distal to collaterals is critical to avoid non-target embolization to the bladder 
through the neovascularity 
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Fig. 12.6 Occluded prostatic artery seen on repeat PAE. (a) Selective DSA of anterior division of 
left internal iliac artery demonstrates a prominent branch coursing towards the region of the pros- 
tate (black arrow). A tangle of small arterial branches is also noted coursing toward the prostate 
which cannot be catheterized (broken arrow). (b) Subselective DSA of left capsular prostatic artery 
(black arrow) demonstrates numerous collaterals (asterisk) retrograde filling the distal vesicopros- 
tatic trunk. The proximal vesicoprostatic trunk is occluded. The vesicoprostatic trunk splits into the 
umbilical artery (white arrow) and main prostatic artery (broken black arrow) 


CBCTA can be helpful for demonstrating the target artery. However, the majority of 
the time the finding is seen on DSA. The most common origin of the branch supply- 
ing blood to the prostate in this scenario is the distal internal pudendal artery. Less 
common arteries include the capsular artery, branches from the distal obturator 
artery, the superior gluteal artery, and the superior vesical artery. Additionally, the 
branch may arise from the contralateral side. This is in distinction to an initial PAE, 
where usually only the ipsilateral gland is filled. 

PAE is an effective and safe procedure to treat BPH, but there is a substantial rate 
of clinical failure. These failures may be due to poor patient selection, technical 
failure, inadequate embolization, or compensation by arterial anastomoses. As oper- 
ators become more experienced performing PAE and savvy about the reasons for 
failure, the success rate should improve. Nevertheless, repeat PAEs provide a unique 
set of challenges with angiographic findings not seen during de novo procedures. 
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Appendix Fig. 2 (a, b) b ot 
Pink: inferior gluteal; blue: 
obturator; green: prostatic; 
purple: internal pudendal 
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Appendix Fig. 3 (a, b) Pink: inferior gluteal; green: prostatic; purple: internal pudendal 
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Appendix Fig. 4 (a, b) Pink: inferior gluteal; green: prostatic; purple: internal pudendal 


Appendix Fig. 5 (a, b) 
Pink: inferior gluteal; blue: 
obturator; green: prostatic; 
purple: internal pudendal 
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Appendix Fig. 6 (a, b) Pink: inferior gluteal; green: prostatic; purple: internal pudendal 


Appendix Fig. 7 (a, b) 
Pink: inferior gluteal; 
green: prostatic; purple: 
internal pudendal 
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Appendix Fig. 8 (a, b) Pink: inferior gluteal; green: prostatic; purple: internal pudendal 


Appendix Fig. 9 (a, b) 
Pink: inferior gluteal; blue: 
obturator; green: prostatic; 
purple: internal pudendal 
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Appendix Fig. 10 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 


Appendix Fig. 11 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 


Appendix: Internal Iliac Artery Angiograms in 45 Degree Ipsilateral Projection 147 


Appendix Fig. 12 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 


Appendix Fig. 13 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 
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Appendix Fig. 14 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 


Appendix Fig. 15 (a, b) Pink: inferior gluteal; blue: obturator; green: prostatic; purple: internal 
pudendal 
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